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ABSTRACT

A numerical method is presented to implement structural design
sensitivity analysis using the versatility and convenience of existing
finite element structural analysis program and the theoretical
foundation in structural design sensitivity analysis. Conventional
design variables, such as thickness and cross—sectional areas, are
considered. Structural performance functionals considered include
compliance, displacement, and stress. It is shown that calculations can
be carried out outside existing finite element codes, using
postprocessing data only. That is, design sensitivity analysis software
does not have to be imbedded in an existing finite element code.

The finite element structural analysis program used in the
implementation presented is IFAD. Feasibility of the method is shown
through analysis of several problems, including built-up structures.
Accurate design sensitivity results are obtained without the uncertainty
of numerical accuracy associated with selection of a finite difference

perturbation.
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CHAPTER I

INTRODUCTION

1.1 Purpose

To date there exists a wide variety of finite element structural
analysis programs that are used as reliable tools for structural
analysis. They give the designer pertinent information such as
stresses, strains and displacements of the mechanical system being
modeled. However, if this information reveals that the mechanical system
does not meet specified constraint requirements, the designer must make
intuitive guesses as to how to improve the design. If the mechanical
system 1s complex, it becomes very difficult to decide what step must be
taken to improve the design. There 1is however, substantial literature
on the theory of design sensitivity analysis, which predicts the effect
that structural design changes have on the performance of a mechanical
system. Use of this technique has been primarily confined to papers in
structural optimization literature.

The purpose of this work is to develop and implement structural
design sensitivity analysis using the adjoint variable method that takes
advantage of the versatility and convenience of an existing finite
element structural analysis program and the theoretical foundation in
structural design sensitivity analysis that is found in Ref. 1. The

finite element program that will be used is IFAD [3]. It is developed



by Applicon Inc. and has been provided to the Center for Computer Aided
Design for the use in this study.

In order to check the feasibility of using the design sensitivity
analysis technique with IFAD, an approximation of the differential y' of
a structural performance measure ¥ is made using the finite difference
method. An appropriate design'perturbation Sdu must be selected in order
to insure accuracy of the perturbation Ay of the constraint
functional. If Su is too small, Ay = P(u + &u) -~ Y(u) may be inaccurate
due to loss of significant digits in the difference. On the other hand,
if S6u is too large, Ay will be influenced by nonlinearities and the
differential approximation will be inaccurate. The feasibility check
procedure is outlined in the flow chart of Fig. 1. Details of the
calculations of the constraint functionals, the adjoint loads, and the
design sensitivity vectors for each constraint functional are described
in Chapter II, for different types of finite elements. The design
sensitivity y' of the constraint functional is the scalar product of the
design sensitivity vector % and the design variable perturbation
vector Su., If the design variable is constant throughout the finite
element model of the mechanical system, this becomes a scalar
multiplication. If the design sensitivity is an accurate prediction of
the performance of the mechanical system due to a design change, it
should be equivalent to the difference of the constraint functionals of

the two finite element models, the original and the perturbed model.




Original FE model
with adjoint load cases
design variable is u

Perturbed FE model
design variable is

FE Analysis

u + Su
\/
FE Analysis

Original structural

response and adjoint

Perturbed structural
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Calculate constraint

functional Y(u) and

Calculate constraint

functional ¢(u+6éu)

design sensitivity

P = lTGu

Calculate
Ay = Y(utdu) - Y(u)

% Accuracy = ' x 100/Ay

Figure 1. Flow Chart of Feasibility Check Procedure




1.2 Adjoint Variable Method

A number of methods could be used to implement structural design
sensitivity analysis with an existing finite element code, but the most
powerful is the adjoint variable method. This method can be implemented
outside of an existing finite element code, using only postprocessing
data. This is convienent, because the source code for most finite
element programs is not readily available. If the code is available,
less programming is involved. The same subroutines for the element
shape functions used in the finite element model can be used in the
design sensitivity analysis, since this method is dependent on element
type. Generality is another factor that adds flexibility to the adjoint
variable method. The code can be written to include basic design
variables, constraints and loading conditions. This enables the
designer to choose what design variables to modify to give the best
design improvement.

The adjoint variable method can easily be used for complex
mechanical systems that have more than one structural component. The
details of this procedure are discussed in Section 2.2. Design
sensitivity of a built—~up structure is formed by combining the design
sensitivities of each structural component. The only precaution that is
necessary is in making sure that the interaction between the components

is taken into account.

1.3 Adjoint Variable Method Results

The design sensitivity vector is the derivative of the constraint

functional with respect to the design variables. It has the same number




of components as there are elements in the finite element model. The
magnitude of each component reflects how sensitive the element is to a
change in design relative to the constraint functional. If the vector
component is negative, the corresponding design variable should be
decreased to increase Y. Likewise, if the vector component is positive,
the design variable should be increased to increase Y. 1In addition, if
the magnitude of the vector component is large, then the corresponding
design variable will have a more substantial effect on design
improvement.

When a designer uses a finite element structural analysis in design
of a mechanical system, it is most likely that a number of program runs
are necessary before a substantially improved design is obtained. With
the aid of a design sensitivity vector, the designer will know what

direction to take to improve the design most efficiently.



CHAPTER II

DESIGN SENSITIVITY ANALYSIS METHOD

2.1 Caleculation Procedure for Structural Components

To implement the adjoint variable technique of design sensitivity
analysis, the adjoint load for each constraint functional must be
calculated. This procedure is developed in Ref. 1 using compliance,
displacement, stress and natural frequency as constraint functionals.
For the compliance functional, the adjoint equation 1s the same as the
state equation. In this special case the adjoint system does not need
to be solved. For the displacement functional the adjoint load is a
unit point load acting at the point where the displacement constraint is
imposed. To calculate the adjoint response it is necessary only to
restart the finite element analysis with unit loads applied at varying
points along the structure. For the stress functional the shape
function of the structural component used in the finite element analysis
must be known. This shape function is used to calculate the adjoint
load for a stress constraint of a specific element of the structure.
From this point the procedure is similar to the displacement functional,
in that a restart of the finite element analysis must be completed using
the adjoint loads of elements as other load cases.

The flow chart of Fig. 2 shows the overall process. This procedure

is implemented after the structural response of the finite element




FE model definition
preprocessing
original structural load

analysis done by IFAD

ey —

FE code Restart

Structural response Calculate adjoint

load externally for
each constraint, using

shape functions

Design sensitivity Adjoint response
vector calculation assoclated with
for each constraint each constraint

Figure 2. Flow Chart of Design Sensitivity Calculation
Procedure



model due to the original load has been solved. The original structural
response plus the adjoint response for each constraint is then utilized
to calculate the design sensitivity vectors.

The following sections give detailed explanations of the
calculation procedures and equations necessary for analyzing membranes,

bending beams and bending plates.

2.1.1 Membranes
Consider a variable thickness thin elastic clamped solid, as shown
in Fig. 3. The design variable is taken as the variable thickness

u = h(x) of the plate.

n

(NN
Pat

Figure 3. Clamped Elastic Solid of Variable Thickness h(x)

The energy bilinear form and the load linear form of the plane

elasticity problem are given as [1]

- 2 ij {4 -
a (z,z) = IIQ hx) § o ()t (Z)an (1)
1,j=1

and




2 -
2(z,2) = [[on[ [Pz laa+ [ [
i=1 i

iz lar 2)
1

e~

1 1

where z = [z ,zle is the displacement, F = [F ,FZ]T is the applied body
force, T = [Tl,TZ]T is the traction, and oiJ(z) and elj(;) are the
stress and strain fields associated with the displacement z and the

virtual displacement z respectively. The state equation is given as [1]
au(z,z) = Zu(z) (3)

for all kinematically admissible virtual displacement z.

First consider the functional representing the compliance of the

structure as

2 14 2 411
v = [ [ [Pz ]aa+ [ [ JT2 Jdr (4)
i=1 =

The first variation of Eq. (4) is

‘Pi‘—'ffg[

ii 2 1
Fz-Jéh da+ [[on[ [ Pz ]an
i =

1 i

e

(5)

Tizi']dr

|~ N

L

In order to eliminate the dependence on the state variable in

Eq. (5), it is necessary to define the adjoint equation as [1]

83 Jar (6)
1

ft

a0 = [fonl 1 Filaa s S
u a0 Iy

for all kinematically admissible virtual displacement A. Since Eq. (6)

is identical to Eq. (4) if X =2z and A = z, the adjoint equation does
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not need to be solved. Using the adjoint variable method of design

sensitivity analysis gives [1]

2 2 i,i 2 ij ij
Wi=HQ[Z 26 da+ [fo [ IF - ] o@e (0 ]en dn
1=1 1=1 1,5=1
2 4 2 g
=[[g[2] Flzo - [ o7(2)e(2) ] da (7)
i=1 i,j=1

since z = )\ for the compliance functional.
To numerically integrate Egqs. (4) and (7), a two-point Gauss

quadrature formula is used. The equations become

v, = Z { ) riiw g+ 2 ol (8)
! hk[£—1 121 ] ¢ &
and
N 2 2 2
14 13, ]
W= ] 2.z - ¥ d(z)e (2w, ]}I6 (9)
L xa {221[121 LT Rt Rt I

respectively, where J is the Jacobian, N is the total number of
elements, subscript £ is the counter for the number of Gauss points,
subscript k is the counter for the element number, W is the weighting
constant for the fLth Gauss point, and supercript i is the direction of
the force and the displacement.

Next consider the functional representing the displacement z at a

~

discrete point x as

= z(x) ffg 6(x - x)z(x)dQ (10)
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where 68(x) is the Dirac measure in the plane, acting at the origin. The

first variation of Eq. (10) is

vy = ffg 8(x - ;)z'(x)dﬂ (11)
The adjoint equation in this case is [1]

a (A0 = [f 8(x - 0U4R (12)

for all kinematically admissible virtual displacement \. This equation
has a unique solution A(z), where X(Z) is the plate displacement due to
a unit point load acting at a point x. Using the adjoint variable

method of design sensitivity analysis gives

2 i 2 .
W= [ 1FhP -7 HMeta®) e an (13)
i=1 1,j=1
where X(Z) is the solution of Eq. (12).

For this constraint two equations must be solved. The adjoint load
of Eq. (12) is just a unit load applied at a discrete point in the
finite element model. All that is necessary is a restart of the model
so that load cases of applied unit loads at various nodal points can be
analyzed. The resulting strains due to the adjoint load are then used
in calculating Eq. (13). Note that for each displacement constraint
there is a different adjoint load.

With numerical techniques applied as in the compliance constraint

case, Eq. (13) becomes
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N o2 2 12
1,(2) 13,3 13,,(2)
vi= 1{I [1 F - 7 o d@e (W)W, sh
SRS RS B A o S vk

(14)
Finally consider the general functional representing a locally

averaged stress on an element as

= o(z dq : (15)
¥y = [l g glo@)m) |
where mp is a characteristic function defined on a finite element ﬂ% as
]
-T;—jiﬁ— , X € Qp
P
m = 16
0 (16)
0 , x & Q

The first variation of Eq. (15) is

2
3g  1j
v=f[.[ I - 0 -(z")jm_dQ (17)
R . by

Replacing the variation in state z' by a virtual displacement A, the
adjoint equation is obtained as [1]

2 .
a (%) = [f & A m ae (18)
v & [i,§=1 BoiJ ] P

for all kinematically admissible virtual displacements A. Eq. (18) has

a unique solution for a displacement field X(B). Using the adjoint

variable method of design sensitivity analysis gives

2 i 2
eI A o1 Moo mae a9
i=] i,j=1
where A(3) is the solution of Eq. (18).
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With numerical techniques applied as in the displacement constraint

case, Eqs. (15), (18), and (19) become

2
¥y = 21 [g(0g(2) Jm W, )3 (20)

F1 1 <MD
Q ijc()]mpﬂ

i,j=1 9¢
2 2 . s _
- ) :% o J(x)]mp W, J3d (21)
%=1 1,j=1 30
and
N 2 2 i 2
' 3) ij i3,,(3)
=1 {3 1 A -7 Mo Hp
S Vet e N 1= B AL T U * Balt oy
(22)

respectively. The numerical calculation of the adjoint load is
considerably more difficult in the stress functional case. The shape
function of the element must be known so that oij(i) can be calculated
using the finite element technique [2]

o = [E][B]d = [E]e (23)
where [E] is the elasticity matrix, [B] is the strain-displacement
matrix, which relates to the element shape function, d is the
displacement vector, and € is the strain vector.

For a plane stress problem,

1 v 0
[E] = £ 7 | v ! 0 (24)
1 -V 1-v
R
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The adjoint load becomes
2 . :
N ~3§5 oiJ(i)]mp dn (25)
i,j=1 9o
where F is the adjoint equivalent nodal force. Since m, is a
characteristic function on the finite element Qp, F acts only on the
nodal points of element Qp.

After the adjoint load is calculated for various elements, a
restart of the finite element model for each load case corresponding to
each element adjoint load is made. The strains resulting from these
adjoint loads are then used in calculating Eq. (22) for the sensitivity

of each functional.

When principal stress 1s selected as the functional,

g = (o'l D2 w (26)

< - ([t = 222 + (o12)2}1/2 (27)
and

agllacll = %-+ %-(011 - 022)/1max

agl/ao22 = %-— %-(011 - 022)/'rmax (28)

agllaolz = 012/1'max

and when von Mises' stress is selected as the functional,

g, = [(011)2 _ 011022 + (022)2 + 3(012)2]1/2 (29)
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and
1 11 22
%,/30,, =5 (20" - g )/ g,
agz/ao22 =-% (26?2 - o'y, (30)

12 12
agzlao = 30 /g2

2.1.2 Bending of Beams
Consider a cantilever beam with variable width and height and self
weight, as shown in Fig. 4. The width and height are the design
variables, u = [b(x),h(x)]T.

The energy bilinear form and the load linear form of the beam are

3

au(z,z) = fg E'%%— zxxzxx dx (31)
and
2 (2) = - [¢ (F+ybh)Z dx (32)
VA
1 F(x)
~b—
7 f
% - - ——x h
g |
/ @
. L o

Figure 4. Cantilever Beam with Variable Width and Height
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where Y is the weight density of the beam material, F is the distributed
load, E is the modulus of elasticity of the beam material, bh3/12 is the
moment of inertia, z is the virtual displacement, Zyx is the beam curva-
ture, and ;xx is the beam curvature due to the virtual displacement z.

The negative sign in the load linear equation is due to the fact
that the load is applied in the -z direction.

The state equation is [1]

a (z,2) = 2 (z) (33)

for all kinematically admissible virtual displacements z.

First considexr the functional representing the compliance of the

structure as
L
¥, = - fO (F + ybh)z dx (34)
The first variation of Eq. (34) is

¥ = - [5 (F+ ybh)z' dax - [ - hyz dx 8 - [{ byz dx én
(35)
To replace the variation in state z' by a virtual displacement i, the

adjoint equation is defined as [1]
a (A1) = = [¢ (F + o)X dx (36)

for all kinematically admissible virtual displacements 2. Since
Eq. (36) is identical to Eq. (34), if A = z the adjoint equation does
not need to be solved. Using the adjoint variable method of design

sensitivity analysis gives
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v, = fg [-2vhz - (Eh3/12)(zxx)2]dx b
(37)
+ [g [-2vbz - (3EBR’/12)(z_)°lax oh

To numerically integrate Eqs. (34) and (37), a three-point Gauss

quadrature formula is used. These equations become

N 3
v, = ) {I[F, + b hlz, W (38)
67 L ULt Iz Wy

and

Y3 2 2

v = kzl {221 [-2vhyz, - (Ehk/12)(zxx£) Wl &,
(39)
303 2 2
+ L {I‘=1 [-2vb,z, - (3E byhy/12)(z ) W15 on,

L
where N is the total number of elements, £ is the Gauss point counter,
W is the weighting constant for the £&th Gauss point and J is the
Jacobian. The beam curvature Zyx is calculated using a cubic polynomial
for the standard beam shape functions. Because the load is in the -z
direction, it is necessary to change the sign of the local element y-
rotation 6 _.
y
Next consider the functional representing the displacement z at a

-~

discrete point x as

b = 2(x) = [T 8(x - Dz(x)dx (40)

where 8(x) is the Dirac measure at zero. The first variation of

Eq. (40) is
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= fg S(X - £)z'(x)dx (41)
The adjoint equation is defined as [1]
a, (L3 = [5 8(x - DAUx)ax (42)

for all kinematically admissible virtual displacements A. Equation (42)
' (5) (5)

has a unique solution A , where A is the beam displacement due to a
unit point load acting at a point x. Using the adjoint variable method

of design sensitivity analysis gives

v = fg [—hyA(S) - (Eh3/12)zx (5)]dx S
(43)
+ [5 -on) - GEen?/12)2 28 Jax e
0 XX XX

As in the membrane displacement constraint case, only Eq.(43) needs
to be solved numerically. Using the three-point Gauss quadrature

technique, Eq. (43) becomes

N3
" (5) _ 3 (5)
vg = k§1 { Zl [-h, Aty (Ehk/12)zxx£>‘xxz]w2}J b,
(44)
* % { % [=b 1(5) (3b, 02/12)z. 23 T )3 s

Finally consider the functional representing the allowable

stresses in the beam as

= (& -1
¢6 b IO 2 hszxmpdx (45)
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where h/2 is the half-depth of the beam, and mp is a characteristic

function defined on a finite element dxp as

, x € dx
idx dx P

m = P (46)

0 , x ¢ dx
P
The first variation of Eq. (45) is

L 1 1
Ve = fO [~ FBE z. m -2 Ez m 6h Jdx (47)

Replacing the variation in state z' by a virtual displacement i, the

adjoint equation is defined as
a (A\,0) = - fL l-hEi m_dx (48)
u 02 XX p

for all kinematically admissible virtual displacements A. Equation (48)

has a unique solution for a displacement field A(6). Using the adjoint

variable method of design sensitivity analysis gives
T A e () I 3 (6)
v = [y [-hna (Eh°/12)z_ X"~ Jdx &b
(49)

(®) _ 3epn?/12)2. 28 Jax an
X XX

Lo 1
+ [y [- 7 Bz, m ~ 1A

where 1(6) is the solution of Eq. (48).
With the three-point Gauss quadrature numerical integration
technique, the integrals in Eqs. (45), (48), and (49) become
3

N
1
v, = ¥V {] (-5nEz_m W} (50)
6 kel g1 2K g RTA
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L1l _ =
fo E— E AXX mp dx
111 4 Wl d Y
= - = E[B], m J d
k=1 -1 2 L p’ 2
and
v = I§ { % [-hkyxff) - (Ehi/lZ)z ).(6)]wz}J 8b,
k=1 %=1 ™ Xy
N 3
6
+ z { Z [- %-E zxxzép - kaAi ‘ (52)

2 6
- (3E b h/12)z xix)]wz}J &h

LR k

where [B] is the strain-displacement matrix, which is the second

derivative of the shape functions.

2.1.3 Bending of Plates
Consider the clamped plate in Fig. 5 of variable thickness
u = t(x), with a distributed load f(x) that consists of an externally
applied pressure F(x) and self weight, given by [1]
f(x) = F(x) + vt(x) (53)

where Y is the weight density of the material.

x 2

X

Figure 5. Clamped plate of variable thickness t(x)
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For this design dependent loading, the energy billinear form and the

load linear form for the plate are given as [1]
a,(2,2) = [[g D z))2)) + 2552, + V(zpp2; + 21)2),)

+ 201 - Wz ,z,]de (54)
and

2 (2) = [[q [F + yt]z da (55)

~ 3 2
where D(u) = Et7/[12(1-v")] is the flexural rigidity, E is Young's
modulus, v is Poisson's ratio, F is the externally applied pressure,

and Y is the material density. The state equation is [1]
au(z,z) = zh(Z) (56)

for all kinematically admissible virtual displacements z.
First consider the functional representing the compliance of the

structure as

¥, = [[(F + yt)z da | (57)
The first variation of Eq. (57) is

vy = [[g WF + y£)z' + yz StldQ (58)
The adjoint equation is defined as

au(x,i) = [l (F + Yt)1 dQ (59)

for all kinematically admissible displacements A. As in the previous

cases (membranes and bending beams), Eq. (59) is identical to Eq. (57)
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if A = z. Using the adjoint variable method of design sensitivity

analysis gives

202 2 2 2
ffg {2yz - Et [211222 + 2vz 2,5, F 2(1 - v)zlz]/4 (1 - v9)}ét da

€-
~ -
]

2 4y 4
[gl2vz - ] o(2)e(2)]ee aa (60)
i,j=1

where oiJ(z) and eiJ(z) are the stress and strain of the extreme fiber,

given as
1] tzi.
€ =—T‘l , i,j=1,2 (61)
and
11 Et
¢ =z, + vz,,)
21 - vZ) 11 22
022 = - _———JQETI— (222 + vzll) (62)
2(1 = V)
12 _ _ _Et
2(1 + v) “12

To numerically integrate Eqs. (57) and (60), a one-point Gauss
quadrature formula on a triangular element 1s used to correspond to the

IFAD integration technique for this element. Equations (57) and (60)

become
N
¥, = 1 {(F + 1t )z Wl (63)
k=1
and
N 2 ]
¥y = ! [2vz2 -} cij(z)eij(z)]w J 8t (64)
k=1 i,j=1
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Next consider the functional representing the displacement z at a

discrete point x as
¥g = z(x) = ffn 8(x - x)z(x)dQ (65)

The first variation of Eq. (65) is

Vg = ffﬂ S(x - ;)z'(x)dx' (66)
The adjoint equation is defined as

a (LD = [f 8x - 0Ixan (67)

for all kinematically admissible virtual displacements A. This equation

(8) (8)

has a unique solution A , where X\ is the plate displacement due to

-

a unit vertical load acting at a point x. Using the adjoint variable

method of design sensitivity analysis gives

8 2 8 8 8 8

+ 2(1 - v)zlzkgg)]/4(l -~ vz)}Gt dQ

2. :
=, ® - 7 eI a®) e an (68)
1,5=1 |

The same numerical integration procedure is used as in the

compliance case. Equation (68) becomes

o~ 2

2 - .
¥g = [Yk(s) -l UlJ(Z)SiJ(A(S))]w J 8t (69)
3

k=1 i,

Finally, consider the functional representing a locally averaged

stress in the plate as



24

Vg = ffﬂ g(c(z))mp dQ (70)

where g(o(z)) may be principal stress, von Mises' stress, or some other
material failure criteria and mp is a characteristic function defined on

a finite element Qp as

m = (71)

The first variation of Eq. (70) is

2

3g  ij

v = [ ) 2~ o3 (z") m_ dR (72)
? @ [i,j=1 30" Iy

The adjoint equation is defined as [1]

2
) = - Py
a W) = [f, [1,JZ=1 7o M a0 (73)

for all kinematically admissible virtual displacement A Using the

adjoint variable method of design sensitivity analysis gives

2 . .
v = Jg [Yl(g) ) oiJ(z)eiJ(A(g))]St aq + ffg%% 8t dQ
1,3=1
(74)

(9

where A is the solution of Eq. (73). For principal stress the last

term on the right of Eq. (74) becomes
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[fg [o' + &% + 2t V2o dan (75)

where Thax is defined in Eq. (27). For von Mises' stress, this term

becomes

ffn'% [(011)2 _ 011022 + (022)2 + 3(012)2 ]1/2 mp st da
(76)

The IFAD thin shell element 1is the element that is used for plate
bending. The membrane effects can be eliminated so that only the
bending term exists. This element is a hybrid element which uses a
derivative smoothing technique [4]. The IFAD code evaluates the normal
and shear stresses at the centroid of the triangle, but Ref. 4
stipulates that the stresses at the midside nodes of the triangle give
the most accurate results. The integration of a function ¢ from its

mid-stresses is [4]

A 1 1 1 1 1 1
I¢dA=§[¢[O,§,'2—)+¢(‘i‘,i,0)+¢('§','2—,0)]

(77)
. 1 1 1 1
where A is the area of the triangle and (O, 3 5-), ( 7 50, 5-)
and %-, %-,0) are the area coordinates of the mid-side nodes. To

achieve the most accurate atresses possible, this numerical integration

technique is applied on Egs. (70), (73), and (74). These equations

become
3
wg = Zl g(on(z))mp 3 (78)
2
) 1j ) ) 9
I/f ] - oD aa= J [ , ]
Q[iﬂ=18JJ n=1 3%1 8%2’ 3%2
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T—

As.
[E][B]n m, 3d=F4d (79)
and
L N C N R L PN PG 9 y 1A
‘J’é = X { 2 [Ykn - 2 9, (z)sn ()‘ )+ ( ot )n] 3 }Gtk
k=1 n=l i,j=1
(80)

where subscript n is the counter for the midside value. The term

(ag/at)n for principal and von Mises' stress is

11 22
[(o" + o " + armaxn)/(Ztk)]mp (81)
and
1 11,2 11 22 22,2 12,2,1/2
) [Ca.™) o o+ (a7 +3(g )] m (82)
respectively.

To numerically calculate the adjoint load, the shape function of
the element must be known so that o 3(1) can be calculated using the

finite element technique described in Section 2.1.1, Egs. (23) and (25).

2.2 Calculation Procedure for a Built-Up Structure

The foundation of the built-up structure design sensitivity
analysis method is the structural component analysis developed in
Section 2.1. A built-up structure consists of various structural
components that interact with each other. This interaction is taken into
account by generalizing the individual components such that twisting,
bending, transverse shear terms, etc. are included in the formulation of
the sensitivity vector. Coordinate system precautions need to be taken
to insure that the constraints and the sensitivity vectors are

calculated correctly. In general, if the calculations are performed at
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the local element coordinate system level, there will be no problem when
components are oriented differently in the global coordinate system.

An example of a built-up structure using the structural components
developed in the previous section would be a bending beam and plate
problem, where a framework of beams could act as the supporting
structure for the plate; i.e., a roof structure.

Figure 6 shows a built—up structure that has design variables
u=[b(x),h(x),t(x)]T, where b(x) is the width of the beams, h(x) is the
heigth of the beams, and t(x) is the thickness of the plates.

It is assumed that the plates are welded along the length of the
beams. This would infer that the appropriate components in the finite
element analysis must be chosen to insure kinematic compatibility along
the component boundaries.

The energy bilinear form of the system equation is just the sum of
the plate and beam energy bilinear equations, with an additional beam

torsion term given as
az2) = ][Iz, + 2z 4 izpz, bz o2

- L bh | -
+ 2(1 - v)zxyzxy]dﬂ + 1 Jo By 1o ZaxxdX g

L ——
+ X fO GJ zxyzxydxz

Xy ny dxl

(83)

=) au(z,E) ) au(z,;)beam + 3 ]g GJ z

plate
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E = = X
~ G
i b(X)——lL— Lt(X)
Figure 6. Roof Structure

where au(z,z) and au(z’z)beam are the energy bilinear forms of the

plate
plate, Eq. (54) and beam, Eq. (31), respectively, G is the modulus of
rigidity, J is the torsional moment of inertia of the beam, and

L represents the local beam coordinate system, where xz runs along the
length of the beam.

In Eq. (83) Zyy represents the beam torsion term. Since each
structural component needs to be solved individually to make the
analysis feasible with an existing finite element code, a relationship
between Zyy and the beam rotation has to be used. This kinematic

compatibility states that for the beam and plate system the term has to

be equivalent to the relative angle of twist over an element length.
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That is to say,

z = (szl - 61

xy x z)/L (84)

where 62x is the local element rotation at node 2 of the beam, le

L L

is the local element rotation at node 1 of the beam, and L is the beam
element length.
The load linear form of the system is

i (;) = JfJf

fem . - .
. [F, + Y,t + v bh]z d@ (85)

f

where Fp is the externally applied plate pressure, Yp and Y, are the
material densities for the plates and beams respectively, and z is the
virtual displacement. The state equation is [1]

au(z,;) = lh(;) (86)
for all kinematically admissible virtual displacements z.

Since the energy bilinear form of the system equation is just the
addition of each structural component's energy bilinear forms, the
design sensitivity equation of the system turns out also to be an

additive process. The generalized design sensitivity of the built-up

structure is

' o= wé b + wﬁ Sh + wé 6t (87)

The only necessary step to calculating this value is the reformulation
of the beam to include the torsional term. The energy bilinear form of

the beam component becomes

S - L 2
au(z,z) = fO E(bh /12)zxxzxxdx + fO GJ zxydx (88)
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where Eq. (84) defines Zyy®
If the compliance, displacement, and stress functionals of the beam

- Eqs. (34), (40), and (45), respectively - remain the same, the only

additional term in the design sensitivity analysis [1] is due to the

differentiation of the torsional terms in the energy bilinear equation

with respect to the design variables b and h. This term is defined as

L 3J 3J
Jo 5 oh+ 5 b6 2oy Ay 9% (89)

For a beam with a rectangular cross section [5]

4
J = bh> [ %— 0.21(b/h) (1 - —b——l; )] (90)
12h

and the derivatives with respect to the design variables are

3 4
3 _h 2 . b
=5 =3~ - 0.042b (" + = ) (91)
4h
and
3J 2 2 b
=== bh” - 0.42 b* (h - =% ) (92)
3b e

The compliance sensitivity of Eq. (37) becomes

2

v = fg 2wz - @02 N2, 0% - F otz ) Jax &

(93)

2

L 2
+ [o [-27bz - (3EBM/12)(2z )" - 5—3;]1 G(zxy)z]dx 6h
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the displacement sensitivity of Eq. (43) becomes

3
' Eh 5 J
¢5 = fg [—hYX(S) - Ti_-zxxxix) - % G zxykii)]dx 5b
(94)

2
(5) _ 3Ebh NG PN O F P,

L
+ Jg [-2vma 12 ZxxMxx ~ 3h © Zxytxy

and the stress sensitivity of Eq. (49) becomes

3
. = (L [_py(6) Eh 6) _ A (6)
v fo [-hya 17 Zaxa 3 € Zaytyy Jax &b
(95)
2
Lor_ 1 — vy (6) _ 3Ebh (6) _ & (6)
+ IO [ 2 E zxxmp byA 12 zxxAxx ah szykxy ]dx&h
when the torsional term is added, where A(S)and A(6) are the solutions

to the adjoint Egs. (42) and (48), respectively.

Caution has to be taken when the constraint functionals on the
system are defined. When a von Mises' stress functional is specified for
a particular plate element, the allowable beam bending stress term

- fé %‘E z mdeGh must be removed from Eq. (95), so that the design

XX
sensitivity of Eq. (87) is calculated only for the von Mises' stress
functional. In the same way, if an allowable beam bending stress
functional is specified for a particular beam element, the von Mises'
stress term 3g/dt of Eq. (76) must be removed from Eq. (74), so that
the design sensitivity of Eq. (87) is calculated only for the allowable
beam bending stress functional. The application of this procedure is

shown below for a von Mises' stress functional, a compliance functional

and a displacement functional on a plate element and an allowable



32

bending stress functional on a beam element of the built-up structure

of Fig. 6.

The functional representing a von Mises' stress constraint on a

plate element is
2
Yo = Jg [0 - OOy * Oy t 3Ty , 49 (96)
The adjoint load linear form is defined as

TR YD de
a 17 © m

i,j=1 9o
- [ 98 3 3g 3
= [55— > 36— » 37 J[ENB] m dad (97)
XX yy Xy
=F 3

where ag/aoij is defined in Eq. (30) and F is the adjoint equivalent
nodal force. Using Eq. (87) gives the design sensitivity of the roof

structure as

2 .
o= I Mg (U9 - 1 Mt nU9) 4 B g ag

i,j=1
3
L r_,..,(10) _Eh’ (10) _ & (10)
+ ) fo [-hyA 15 Zoc M 3 € Zxy Pxy ]dxz &b
2
L r_,.,(10) _ 3Ebh (10) _ a1 (10)
+ ) fo [-byA 5 Ze M 3 © Zxy Axy ]dxz h
(98)

where subscript £ refers to the beam local coordinate system and

d9g/3t is defined in Eq. (76).

The functional representing a compliance constraint on a plate

element is




33
vy, = HQ (F + Yyt + ybh)z dQ (99)

where Yt and ybh are the self weight of the plate and beam,

respectively. The adjoint load linear form is defined as
a (%) = [fo (F + vt + ybh)A d@ (100)

Since Eq. (100) is identical to Eq. (99) if A = z, the adjoint equation

does not need to be solved. Using Eq. (87) gives the design sensitivity

of the built—-up structure as

2
iy = 1 Mfgleve - ] (2)etd(2) Jot da

1,j=1
L 3 2 _ 2
+ 1 J5 [-2vhz - EN7/12¢2 D - 5 G(z, ) Jax, &
2

+ 1 Jg [ovoz - GEn®/12)(z, 0% - L6z, ) Jax, o

(101)
where subscript 2 refers to the beam local coordinate system.
The functional representing the displacement z at a discrete

~

point x is

by, =20 = [fo 8x = Dz(x)da (102)
The adjoint load linear form is defined as

au(x,i) = ffgg(x - 04N (103)

for all kinematically admissible virtual displacements A. This equation
(12) (12)

has a unique solution A s Where A is the plate displacement due
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A

to a unit vertical load acting at a point x. Using

Eq. (87) gives the design sensitivity of the built-up structure as

2 s
= 1 P - T dMmeiaty)

i,j=1
3
L (12) _ Eh” (12) _ & (12)
+1J; [-hm 17 M 3 CZxy xy Jax, &b
2
L ,.,(12) _ 3Ebh (12) _ a1 (12)
) fo [-bya T3 Zoc e = szyxxy ]dxz &h
(104)

where subscript & refers to the beam local coordinate system.
The functional representing an allowable bending stress on a beam

element is
L 1
w13 = - fO > hszx mp dx (105)

The adjoint load linear form is defined as

Ll .= - Ll 3 - g
Jo 5 REA m, dx = Is 3 hE[B]mp dx d = F d (106)

where F is the adjoint equivalent nodal force. Using Eq. (87) gives the

design sensitivity of the built-up structures as

2 .
Wy = 10 P - T M) o an
i,j=1

3
L (13) _ Eh 13 aJ 13
+ ] fO [—hYA T 12 zxx>‘>(cx - ES'G zxy)‘)(ty )]dxz %




2
_ 3EBhT _,(13)

XX p 12 XX XX

+ 1L [-byal13) - % Ez

(107)

J (13)
5h G zxyxxy

]dxz Sh

where subscript £ refers to the beam local coordinate system.

35
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CHAPTER III

NUMERICAL EXAMPLES

The design sensitivity of a constraint functional ¢ is the
differential y'of the constraint functional. In order to make sure the
design sensitivity is accurate, an approximation Ay is made using the
finite difference method. It is very important that an appropriate
perturbed design variable Su is selected. If Su is too small, the
change in the constraint functional Ay may be inaccurate due to losses
of significant digits. If 6u is too large, Ay will be influenced by
nonlinearities in the constraint functional, which in turn will cause an
inaccurate design sensitivity prediction.

In all the following examples, perturbations in design of 1% and/or
5% are used, with the exception of the plate bending and built up
structure examples. Because of the nonlinearity characteristics of

built-up structural response, the perturbation of 0.1% was used.

3.1 Membranes

The finite element membrane model in Fig. 7 is a simple plane
elastic solid that is restrained at one end and loaded with a
distributed tensile load at the other end. It contains 80 isoparametric
elements (IFAD plane stress element type 1104), 289 nodal points, and
560 degrees—of-freedom, with the design variable being the variable

thickness u = h(x). The material property constraints, Young's modulus,
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and Poission's ratio are given as E = 3x107 psi and v = 0.3,
respectively. Each finite element is discretized so that a constant
thickness of h = 0.5 in. is used in order to simplify the sensitivity
calculation.
The compliance sensitivity results are shown in Table 1, where

Ay, = wl(h + 8h) - y(h) and ¢' and is the predicted value calculated
from Eq. (9), with design perturbations of éh = 0.0lh and 6h=0.05h.
The percent accuracy of the sensitivity prediction is calculated using

Table 1. Membrane Design Sensitivity Check for Compliance

1 L
Sh zpl(h) wl(h+ Sh) ¢, ¥ ¥ xIOO/Aypl
0.0lh 265.302 262.676 -2.627 -2.653 101.0
0.05h 265.302 252.668 -12.632 -13.265 105.0

Several discrete points shown in Fig. 6 are selected to check
accuracy of the design sensitivity of the displacement functional of
Eq. (14). In order to calculate this equation, the strain eij due to
the adjoint load is needed. Since the adjoint load is just a unit point
load at point ;, acting in the direction of the displacement, a restart
of the finite element analysis is all that is needed. For every node
direction, there is a separate load case that produces a strain
eij, which in turn is used to calculate sensitivity of displacement.

Design sensitivity predictions and differences, with 6h = 0.05h are

given in Table 2.




Table 2. Design Sensitivity Check for Displacement

39

Node %
No. Dir wz(h) wz(h+6h) A¢2 w'z Accuracy
23 x1 2.974E-04 2.832E-04 -1.416E-04 -1.487E-05 105.0
27 x] 4 .058E-04 3.865E-04 -1.932E-05 -2.029E-05 105.0
27 x2  —2.248E-04 -2.141E-04 1.071E-05 1.124E-05 105.0

185 x1 3.298E-03 3.141E-03 -1.571E-04 -1.649E-04 105.0

187 x1 3.299E-03 3.142E-03 -1.571E-04 -1.650E-04 105.0

187 x2  -2.014E-04 -1.918E~04 0.959E-05 1.007E-05 105.0

365 x1 6.633E-03 6.317E-03 -3.158E-04 -3.316E-04 105.0

369 x1 6.633E-03 6.317E-03 -3.158E-04 -3.316E-04 105.0

369 x2 -4 .000E-04 -3.809E-04 1.905E~-05 2.000E-05 105.0

To check the stress constraint sensitivity of Eq. (22), the
equivalent nodal force of the adjoint load on the right of Eq. (25) has
to be calculated so that eié(k(3)) is known for each constrained
element. This is accomplished by a restart of the original IFAD model,
with each adjoint load for an element being a separate loading case.
Design sensitivity results for principal and von Mises' stress
functionals are given in Table 3 for several finite elements. The
perturbations are 6h = 0.0lh and Sh = 0.05h for von Mises' stress and
Sh = 0.05h for principal stress.

The design sensitivity calculation is performed using double
precision accuracy. Since the finite difference approximation in Tables
1, 2, and 3 are no smaller than two significant digits of the actual
constraint functional, loss of significant digits is minimal.

Therefore, the design perturbation is not to small. With all three



Table 3.

(a) von Mises' Stress with éh = 0.0lh

Design Sensitivity Check for Stress

El,
? 1
No. v3(h) 1»3(h + 6h) 8¢, ¥ (\P3/A1:3x100)z
1 9888.882 9790.973 ~-97.910 -58.889 101.0
10 9989.932 9891.022° -98.910 -99.899 101.0
20 9999.982 9900.972 -99.010 -100.000 101.0
21 8752.850 8666.188 -86.662 -87.528 101.0
30 10024.586 9925.333 -99.253 -100.246 101.0
40 9999.853 9900.845 -~99.008 -100.000 101.0
(b) von Mises' Stress with éh = 0.05h
El.
. 1 ]
No.  ¥3(h) - ¥5(h + &h) by, vy (¥3/89,x100)%
1 9888.882 9417.984 -470.899 -494.444 105.0
10  9989.932 9514.222 -475.711 -499.497 105.0
20 9999.982 9523.793 -476.189 -499.998 105.0
21 8752.850 8336.048 ~416.802 =437.642 105.0
30 10024.586  9547.225 -477.361 ~-501.230 105.0
40 9999.853 9523.670 -476.183 -499.993 105.0
(¢) Principal Stress with éh = 0.05h
El.
T ?
No. ¢3(h) ws(h + 6h) A¢3 ‘p3 (¢3/A¢v3x100)2
1 10582.770 10078.829 -503.941 -529.138 105.0
10 9987.061 9511.487 -475.574 -499.353 105.0
20 10000.013 9523,823 -476.191 =-500.001 105.0
21  9660.279 9200.266 -460.013 -483.014 105.0
30 10012.976 9536.617 -476.808 -500.649 105.0
40 9999,987 9523.797 -476.189 -500.000 105.0

40
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constraint functionals, the design sensitivity results compared to the
finite difference approximation are excellent. This infers that the
design perturbation is not too large as to cause significant
nonlinearity effects in the calculation of design sensitivity.

It is interesting to note that in Tables 1, 2, and 3 the finite
difference approximation is nearly 1% of the constraint functional
when 6h = 0.0lh and nearly 5% of the constraint functional when
h = 0.05h. The results also show that as 6h approaches zero,

¥'/ Ay approaches one.

3.2 Bending of Beams

A cantilevered beam finite elment model shown in Fig. 8 is loaded-
with a constant distributed force £(x) = 0.03 1b/in. along the entire
length of the beam. It contains 20 IFAD beam elements of type 0501, each

3" in length, 121 nodal points, and 40 degrees-of-freedom, with design

variables u [b(x),h(x)]T, the width and height of the beam. In

Fig. 8, the element numbers are along the top of the beam and the node
numbers are along the bottom of the beam. The beam has a rectangular

cross—section with constant width and heigth b = 0.5 in. and h = 0.75

in., respectively. This gives the moment of inertia Iy = 0.01758 in.4
and the cross-sectional area A = 0.375 in?. The material property

constants, Young's modulus and Poisson's ratio are E = 3x107 psi and

v = 0.3, respectively. Self weight is included in the analysis.
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Figure 8. Cantilever Beam Finite Element Model

The compliance sensitivity results are shown in Table 4, where
A¢4 = w4(u + 8u) - ¢4(u) and ¢A is the predicted value calculated from
Eq. (39), with design perturbations of &b = 0.05b, 6h = 0.05h and & =

0.01b, éh = 0.0lh.

Table 4. Beam Design Sensitivity Check for Compliance

%

3 &h sb w4(u) W4(U+5u) A¢4 w& Accuracy
; 0.05h 0.05b 1.3684 1.3153 -0.0531 -0.0601 113.1

\

| 0.01h 0.01b 1.3684 1.3566 -0.0118 -0.0120 102.0

These results show that nonlinearities in the compliance of the
cantilevered beam are highly evident. If too large a perturbation in

design is chosen, the sensitivity will be inaccurate.
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Several discrete points along the beam are selected to check the
accuracy of design sensitivity of the displacement functional of
Eq. (44). 1In order to calculate this equation, the beam curvature due
to the adjoint load is needed. Since the adjoint load is just a unit
point load at the point ; acting in the -z direction, a restart of the
finite element analysis is all that is needed. Displacement results are
shown in Table 5 for design perturbations of &b = 0.05b, 6h = 0.0Sh
and &b = 0.01b, sh = 0.01h.

In both Tables 5(a) and 5(b), results show that the design
sensitivity compared to the finite difference approximation is good,
with the exception of node 3. Since the finite diffenrence
approximation is not too small in comparison to the constraint
functional, loss of significant digits is not a valid reason for this
inconsistency. The accuracy decreases as the node location approaches
the restrained end of the beam. This is most likely due to the
restraining effect, which causes rigidity in the beam and in turn gives
smaller deflectiomns.

To check the stress constraint sensitivity of Eq. (52), the

equivalent nodal force of the adjoint load on the right side of Eq. (51)
(6)
XX

L
constraint element. This Is accomplished by a restart of the orginal

has to be calculated so that the curvature A is known for each
IFAD model, with each adjoint load for each element being a separate
loading case. Allowable bending stress results for several finite
elements are shown in Table 6 for a design perturbation of Sh = 0.05h

and &b = 0.05b.
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Table 5. Beam Design Sensitivity Check for Displacement
(a) b= 0.01b and 6h = 0.01h
' ]

Node Vs () wS(u+ u) By, Ve ¥ 100/ Apg
3 7.8353E-03 7.6473E-03 -1.8804E-04 -1.6082E-04 85.5
6 4.4162E-02 4 .3102E-00 -1.0604E-03 -9.9992E-04 94.2
9 1.0181E-01 9.9365E-02 -2.4451E-03 -2.3554E~03 96.3
12 1.7317E-01 1.6901E-01 -4.1590E-03 -4 .0441E-03 97.2
15 2.5229E-01 2.4623E-01 -6.0594E-03 -539211E-03 97.7
18 3.3493E-01 3.2686E-01 -8.0447E-03 -7.8836E-03 97.9

21 4.1857E-01 4.0852E-01 ~1.0054E-02 ~-9.8701E-03 98.2
(b) &b = 0.05b and &h = 0.05h
1 1]

Node ws(u) ¥ (utdu) B Vg V5 X100 Ay
3 7.8353E-03 6.9743E-03 -8.6100E-04 -8.0412E-04 93.4
6 4,4162E-02 3.9306E-02 -4 .8555E-03 -4 .9959E-04 102.9
9 1.0181E-01 9.0619E-02 -1.1120E-02 -1.1777E-02 105.2

12 1.7317E-01 1.5412E-01 -1.9043E-02 -2.0220E-02 106.2
15 2.5229E-01 2.2454E-01 -2.7745E-02 -2.9605E-02 106.7
18 3.3493E-01 2.9810E-01 -3.6835E-02 -3.9418E-02 107.0
21 4.1857E-01 3.7253E-01 -4 .6034E-02 -4 .9350E-02 107.2
Table 6. Beam Design Sensitivity Check for Stress
t )

El. \l}6(u) w6(u+ Su) A¢6 ws % ><100/Aq»6
1 4932.767 4609.263 -323.504 -349.234 108.0
5 3110.255 2906.201 -204.055 -219.226 107 .4

10 1420.622 1327.375 - 93.287 - 99.103 106.2
15 385.008 359.664 - 25.344 - 26.076 102.9
20 3.295 3.067 - 0,228 - 0.147 64.7
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Near the end of the beam, where the allowable bending stress is
near zero, the design sensitivity decreases significantly. Since the
design sensitivity is the derivative of the constraint functional, and
the derivative is physically interpreted as the slope of the beam, this
decrease can be attributed to the large increase in slope at the free

end of the beam.

3.3 Bending of Plates

The clamped plate finite element model shown in Fig. 9 is uniformly
loaded with a pressure f(x) = -1.5 1b/in. in the z direction. Since the
model is symmetric along two planes, only one quarter of it needs to be
analyzed and symmetric boundary conditions need to be applied. The
quarter model contains 100 IFAD triangular thin shell elements of type
1601, with only the bending terms active. It has 61 nodal points and
140 degrees—of-freedom.

The design variable is the plate thickness u = t(x), and the
material property constants, Young's Modulus and Poisson's ratio, are
E 30.5x106 psi and v = 0.3, respectively. The constant plate thickness
is t = 0.4 in. and the self-weight of the plate is neglected.

Compliance sensitivity results are shown in Table 7, where

Aw7 = ¢7(t + 8t) - ¢7(t) and W; is the predicted value calculated from
Eq. (60), with design perturbations of 6t = 0.0lt and &t = 0.05t.

Both perturbations for the compliance constraint functional give
good correlation between the design sensitivity and the finite
difference approximation. This implies that a five percent change in

thickness is acceptable when making design improvements.
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Table 7. Plate Design Sensitivity Check for Compliance

) )
St \p7(t) w7(t+6t) Aw7 w7 np7 ><100/A1p7

Several discrete points in Fig. 8 are selected to check accuracy of
the design sensitivity of the displacement functional in
Eq. (69). 1In order to calculate this equation, just as in the membrane
case, the strain eij(l(a)) due to the adjoint load is needed. A restart
of the finite element analysis, using a unit point load in the -z
direction for each selected point as a separate load case, accomplishes
this task.

Some displacement results are shown in Table 8 for a design

perturbation of 6t = 0.0lt.

Table 8. Plate Design Sensitivity Check for Displacement
1 T
Node ws(t) wa(t+6t) Aws w@ ¢bx100/Aw8

14 1.9033E-03 1.8473E-03 -5.5976E~05 ~5.2596E-05 94.0
15 3.0497E-03 2 .9600E-03 -8.9692E-05 -8.5144E-05 94.9
24 1.9033E-03 1.8473E-03 -5.5976E-05 -5.2596E-05 94.0
27 1.1258E-02 1.0927E-02 -3.3109E-04 -3.2620E-04 98.5
31 9.7772E-03 9.4897E-03 -2.8754E-04 ~2.8309E-04 98.4
35 3.0497E-03 2 .9600E-03 -8.9692E-05 -8.5144E-05 94.9
38 1.8450E-02 1.7908E-02 -5.4262E-04 -5.3957E-04 99.4
47 1.1258E-02 1.0927E-02 -3.3109E-04 -3.2620E-04 98.5
48 1.8450E-02 1.7908E-02 ~5.4262E-04 -5.3957E-04 99.4
57 4.2639E-03 3.9443E-03 -1.1952E-04 -1.1410E-04 95.5
60  2.5084E-02 2.4366E-02 ~-7.3773E-04 -7.3688E-04 99.9
61 2.6942E-02 2.6150E-02 -7 .9237E~04 -7.9223E-04 100.0
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The design sensitivity results of Table 8 seem to substantiate the
fact that nodes near a clamped edge give a somewhat less accurate
prediction of the design sensitivity. However, these results are still
considered good, since there is less than 15% deviation from the
approximate finite difference result. Since the finite difference
result is only an approximatioﬁ, it is reasonable to say that the design
sensitivity prediction is good every where along the plate.

A number of elements are selected to check the design sensitivity
for von Mises' stress in Eq. (80). Before this an be evaluated, the
nodal force of the adjoint load on the right side of Eq. (79) has to be
calculated so that the strain eij(k(g)) is known for each constraint
element. This is accomplished by a restart of the original IFAD model
with each adjoint load for each element being a separate loading case.
Von Mises' stress results are shown in Table 9 for a design perturbation
of 6t = 0.001t.

Recall that the design sensitivity and the constraint functional
was calculated using an integration technique where the stresses were
calculated at the midside nodes of the triangular element. This
integration technique was used so as to get the best design sensitivity
results as possible for the finite elements. This is the technique used
because the element is a hybrid element [4]. The results in
Table 9 are excellent when this technique is used. These results
further substantiate the fact that as design perturbation approaches

zero, Y/Ayp approaches one.




Table 9. Plate Design Sensitivity Check for von Mises' Stress
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El. No. ¢9(t) wg(t+6t)‘ Awg ¢5 ¢§x100/A¢9
1 172.1862 171.8423 -0.3439 ~-0.3445 100.17
2 752.7383 751.2351 -1.5032 -1.5049 100.11
3 172.1861 171.8423 -3.4386 -3.4446 100.17
4 752.7383 751.2351 -1.,5032 -5.0495 100.11

10 1442.8840 1140.0025 -2.8815 -2.8841 100.09
17 2457 .3522 2452 .4447 -4.9074 -4,9125 100.10
25 1149.0097 1146.7151 -2.2947 -2.2970 100.11
26 1331.9565 1329.2966 -2.6600 -2.6624 100.10
27 1149.0097 1146.7151 -2.2946 -2,2970 100.11
28 1331.9565 1329.2966 -2.6600 ~2.6662 100.09
34 973.8975 971.9526 -1.9450 -1.9465 100.08
44 1442.8840 1440.,0025 ~2.8815 -2.8841 100.09
49 1284.1558 1281.5913 -2.5645 ~-2.5667 100.08
50 1278.5066 1275.9534 ~-2.5532 -2.5554 100.09
51 1274.1558 1281.5913 -2.5645 -2.5667 100.08
52 1278.5066 1275.9531 -2.5532 -2.5554 100.09
57 1110.0286 1107.8118 -2.2168 -2.2188 100.09
68 973.8975 971.9526 -1.9449 -1.9465 100.08
73 1470.1247 1417.2887 -2.8360 -2.8384 100.08
74 1629.1926 1625.9391 -3.2536 -3.2563 100.08
75 1420.1247 1417.2887 -2.8360 -2.8384 100.08
76 1629.1926 1625.9391 -3.2536 -3,.2561 100.08
83 2457 .3522 2452.,4447 -4.9074 -4.,9125 100.10
91 1110.0286 1107.8118 -2.2168 -2.2188 100.09
97 1884.4503 1880.6870 -3.7633 -3.7660 100.07
98 2010.1163 2006.1021 -4,0143 ~-4.0170 100.07
99 1884.4503 1880.6870 -3.7633 -3.7660 100.07
100 2010.1663 2006.1021 -4.0143 =4.0170 100.07
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3.4 Built-Up Structure

A built-up structure that uses both beams and plates is shown in
Fig. 10. Since it is symmetric along two planes, only a quarter is
modeled. The built-up structure is clamped on two edges, with symmetric
boundary conditions applied along the other two edges. The plates and
the beams are considered to be welded. A uniform pressure f(x) = -1.5
lb/in.2 is applied on the top surface of the plates. The model contains
100 IFAD triangular thin shell elements of type 1601, with only the
bending terms active, and 20 IFAD beam elements of type 0501. There are
61 nodal points and 140 degrees-of-freedom. There are three design
variables, beam width, beam height, and plate thickness. The material
constants, Young's modulus and Poisson's ratio, for both the beams and
the plates are E = 30.5x106 psi and v = 0.3, respectively. Self weight
is neglected and the initial design variables are b = 0.5 in.,
h = 0.75 in., and t = 0.4 in.

Compliance sensitivity results are shown in Table 10, where
Awll = wlo(u + Su) - wlo(u) and Wil is the predicted design sensitivity,
using Eq. (101) with a 1% design perturbation for all the design
variables.

Several discrete points in Fig. 10 are selected to check the
accuracy of design sensitivity of the displacement functional in

iJ(A)(lz) due to the

Eq. (104). To calculate this equation, the strain €
adjoint load is obtained by doing a restart of the finite element

analysis. A unit point load in the -z direction for each selected point
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Table 10. Built-up Structure Design Sensitivity
Check for Compliance with 6éh = 0.01lh
b = 0.01b,and 6t = 0.01t

¥y (W) ¥y (utu) 84 28! ¥yy X100/ 89,

3.7200 3.6017 -0.1183 -0.1189 100.5

is specified as a separate load case. The design sensitivity results
for these selected points are shown in Table 11, where a 1% perturbation

for each design variable 1s used.

Table 11. Built-up Structure Design Sensitivity
Check for Displacement with Sh = 0.0lh,
§b = 0.01b, and 6t = 0.01t
Node wlz(u) wlz(u+6u) M’lz "’12 wileoO/Awlz
13 4.768E-04 4.616E-04 -1.520E-05 -1.453E-05 95.6
15 2.294E-06 2.222E-03 -7.283E-05 -6 .750E-05 92.7
17 3.064E-03 2.966E-03 -9.723E-05 -9.152E-05 94.1
25 4.125E-03 3.994E-03 -1.313E-04 -1.255E-04 95.6
27 5.421E-03 8.153E-03 -2 .680E-04 ~-2.621E-04 97.8
35 2.294E-03 2.221E-03 -7 .283E-05 -6 .750E~-05 92.7
37 1.095E-02 1.060E-02 -3.484E-04 -3.448E-04 99.0
39 1.485E-02 1.438E-02 -4 J724E-04 -4 ,737E-04 100.3
47 8.421E-03 8.153E-03 -2.680E-04 ~2.621E-04 97.8
49 1.755E-02 1.699E-02 -5.580E-04 -5.621E-04 100.7
55 1.955E-02 1.892E-02 -6.215E-04 -6.296E-04 101.3
57 3.064E-03 2.966E-03 -9.723E-05 -9.152E-05 94.1
59 1.485E-02 1.438E-02 ~4 .724E-04 -4 .737E-04 101.3
61 2.025E-02 1.961E-02 -6.439E-04 -6 .535E-04 101.5

show good correlation with the approximated finite difference.

Both the compliance and displacement design sensitivity results

This

indicates that the method of design sensitivity is a good method for
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predicting the response of a built-up structure for these constraint
functionals. This is substantiated by the fact that correlation between
the design sensitivities and the finite difference approximations for
the built-up structure in Tables 10 and 11 are not that different than
those in Tables 7 and 8 where plate bending results are shown.

To check the stress constraint sensitivity of Eq. (98), the
equivalent nodal force of the adjoint load on the right of Eq. (97) has

(10) is known for each constrained

to be calculated so that eij(k)
element. A restart of the original IFAD built-up structure model is
made, with each adjoint load for a finite element being a separate
loading case. The design sensitivity results for the von Mises' stress
functional are given in Table 12, with design perturbation 8t = 0.001t.

The design sensitivity results compared to the finite difference
approximations fluctuate more than would be expected, considering the
excellent correlation of the von Mises' stress design sensitivites for
the bending plate in Table 9. It doesn't appear that the problem is
caused by the design perturbation being too small, because the finite
difference approximation is no smaller than three significant digits of
the actual constraint functional. It is possible that the nonlinear
response of the buillt-up structure is partially the cause of the
inconsistencies in the design sensitivities, but not the whole problem,
since the design perturbation is quite small.

It is most likely that the beam contribution to the built-up

structure is the major influence. The beam seems to be more influenced
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by nonlinearities, as shown in Tables 4, 5, and 6. It is most probable
that if a more complex beam element, such as a cubic beam, was used,
design sensitivity results would improve. Unfortunately the IFAD code
does not currently support this type of beam, so this cannot be verified

in this study.

Table 12, Built-up Structure Design Sensitivity Check
for von Mises' Stress with 6t = 0.001t,
éb = 0.001b, and &h = 0.001h
Element q;lo(t) wlo(t+6t) Ay io “'{OXIOO/M’lo

1 127.8318 127.5490 -0.2828 -0.3339 118.1

2 549.7750 548.5339 -1.2411 -1.2230 98.5

3 127.8318 127 .5490 -0.2828 -0.3339 118.1

4 549.7750 548.5339 ~-1.2411 -1.2230 98.5
10 1074.7414 1072.3202 -2.4212 -2.7653 114.2
17 1828.5601 1824.4411 -4.1190 -4.2965 104.3
25 875.4135 873.4610 -1.9525 -2.3201 118.1
26 985.6012 983.3797 -2,2215 -2.6663 120.0
27 875.4135 873.4610 -1.9525 -2.3201 118.1
28 985.6012 983.3747 -2.2215 -2.6663 120.0
34 735.6485 734 .0066 -1.6419 -2.2807 138.9
44 1074.7414 1072.3202 -2.4212 ~2.7653 114.2
50 962.8944 960.7381 -2.1563 -2.4538 113.8
51 944 .5642 942.4288 -2.1354 -2.7966 131.0
57 804.5913 802.7656 -1.8257 -2.2406 122.7
68 735.6485 734.0066 -1.6420 -2.2807 138.9
73 1074.1010 1071.6982 -2.4028 -2.7000 112.6
74 1243.6633 1240.8853 -2.7780 -3.2605 117 .4
75 1074.1010 1071.6982 -2.4028 -2.7060 112.6
76 1243.6633 1240.8853 -2.7780 -3.2605 117.4
83 1828.5601 1824.4411 -4.1190 -4.2965 104.3
91 804.5913 802.7656 -1.8257 -2.2406 122.7
97 1401.1703 1398.0144 -3.1559 -3.2171 101.9
98 1517.4522 1514.0511 -3.4011 -3.6964 108.7
99 1401.1703 1398.0144 -3.1559 -3.2171 101.9
100 1517 .4522 1514.0511 -3.4011 -3.6964 108.7
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CHAPTER IV

CONCLUSTIONS

The results of this study indicate that it is feasible to implement
the theoretical design sensitivity analysis of Ref. 1 with an existing
finite element code. Calculations of the design sensitivites can be
accomplished outside of the finite element code using only the
postprocessing data. In addition, the results show that accurate design
sensitivity can be predicted without the uncertaint& of numerical
accuracy associated with the selection of a finite difference
perturbation. However, results also indicate that the integration
technique used in the calculation of the design sensitivity and the
knowledge of the exact finite element shape functions used for each
finite element in the finite element code is important in getting the
most accurate design sensitivities possible.

Results of the built-up structure indicate that design
sensitivities of the bullt-up structure cannot be any more accurate than
the accuracy of the individual components. Care must be taken to use
the best integration techniques and the same shape functions as the
finite element analysis for the individual components, if at all

possible.
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FROGRAM SENSIT

ME3TTTS$3333328303333 033030232230 030322282323303 202338033 0323283

Chx

CFY SENSIT! THE MAIN FROGRAM FOR CALCULATING DESIGN SFMHSINIVITY

Crx

IS SESTE SIS 2033230220322 222 0083238238382 003383282032230822 ¢

CP¥.
CFX
CF¥
CFX
CF¥
CF¥
CF¥
CP¥
CFX
CFX
CFX

DESCRIFTIOM?

‘SENSIT’ IS THY MAIMN FROGRAM FOR THE DNESICN SFNSITIVITY
VECTOR CALCULATION., IT CHECKS THE AUCURACY UF THE
SENSITIVITY 10 THe FINITE DIFFERENCE METHOD IF THE

TWO FINITE ELEMENM ANALYSES ( THE URIFGINAL ANALYSIS

ANDL THE FERTUREED ANALYSIS ) ARE ALREADY CREATED.

MAX, OF S00 ELEMEN1S. IF MORE ELEMUENTS ARE NEEDED THe
SVECTR.MON COMMON RLOCK FILE NEEUS TO CHANGED.

(M3 2323220800258 0 38323022222 23233233222 303280332432 23333332230228222%

(™

- -

-
-

GO

C
20

¢

INCLUDE ‘CAEGSDR.INC] IMFLIC.SFC‘
INCLUDE ‘CAEGSDR.INCI CNTL +MON‘
INCLUDE “"CAEGSDR.INCI SVECTR.MON~

EQUIVALENCE (NDAT(46) s NELM) » (NDAT (185 ) s IFNAME)

DIMENSION FSIR(2) s IPNAME(2) » IFNAML (22) 9 XFNAM2(2)
CHARACTER YESNOX1

NT = 0
IsaC = 0
LCS = 1
NLC = 1

ASK FOR FINITE ELEMEMNT MODEL FILE NAME

FRINT %y ~/
FRINT ¥y “ENTER THE URIGINAL FPROBLEM NAME (1-8 (HARS)~
READ(S,» 1009) IFNAML

ASK FOR CONSTRAINSM TYPE

FRINT %y’ 7

FRINT %+ ‘ENTER CONSTRAINY TYFL! 1 = COMPLIANCE®
FRINT ¥y 2 = PISFLACEMENT
FRINT X»s’ 3 = STRESS”

REAIN(S,1006) 1CT

IFCICT.NE.3) 0 TO 20

FRINT %»‘ *

FRIMI %s ENfER STRESS 1YFE! 1
FRINT ¥¢° 2
FRINT %y’ 3
READ(S5,1006) IST

FRINCIFAL /
VON MISES”
HEAM ALLOWAERLE”

FRINT %» “CALCULATING ADJOINT LUADS (Y/N) *°
READ(S, 1000) YESMO

IF(YESNO.ER.‘Y’) 1SAC = 1}

IF(ISAC.EQ.1) GO TUu 40

C ASK FOR THE FERTUKREBEN FINITE ELEMENT NAME

c

FRINY %, *
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s ixXy]

C
-

C

40

50
c
C
c

C
C
c
40
70
80
90

o
C
c
100

o
C
C

200

C
.
.

(™

59

FRINT Xy ‘ENTER THE FERTUREED FROELEM MAME (1-8 CHARS)‘
REAN(Sy 1009) ITHNAM2

OFEN AN OUTFUT FI1LE

OFEN(UNIT=10,NAMI="RESULT.DAT s TYFE="NLW"’)
WRITE(10,1007) ICT

IFCICT.NE.3) GO TO 40

WRITE(105,1003) IST

GET LOAD CASE START ANl ENL NOS.,

FPRINT %, 7

FRINI %y ENIER NO. OF LOAD CASES T BE FROCESSED”
READN(S»1006) NLC

FRINT %y "ENTER FIRSY LUALD CTASE NO,’

READI(S, 1006) LLCS

LCS = LCS - 1

GET CONSTRAINED ELEMENTS FUKR STRESS CALCULATION

IFCICT.NE.3) GO 7O 90
FRINI %97
IF(ISAC.EQ.1) (O TO 60
FRINT 2000y NLC

GO TO 70

GET ELEMENIS FOR ADJOINC LOAD CALCULAYYOUN

FRINT 2001, NLC

N0 80 NE=1sNLC
READ(Sy1006) ICE(NE)

DD 800 NC=1sNLC
IF(ISAC,EQ.1) GO TO 100
WRITE(1051010) 1CE(NC)

GET SENSITIVITY VECTOR

IF(NT.EQ.1) GO 70 1i0
IFNAME (1) = JFMANLI(L)
IFMAME (2) = 1FNAM1(2)

GO 70 120
IFNAME (1) = IFNAN2(1)
IFNAME(2) = IPNAM2(2)

CALL GETSEN(FSIE:NT+NELM» IPNAME)
IF(ISAC.EQ.1) GO TO %10
IF(NT.GT. 1) GO TO 200

GO T0 100

CALC, CHANGE IN FLATE THICKNESSs CHANGE IN REAM WIDTH ANR DEFTH

NI = 0
oT IABS(THM(2)-1M(1))

DR = DARS(BW(2)-RW(1))
IH = DABS(EH(2)-~KH(1))
TE = DABS(FE(2)-FE(1))

CALCULATE THE FEKRCENT AUCCURACY

DFSIBIE = 0.0
o 300 I=1sNELM



300

400

800
c

(¥
201
-
900
@10
C

C
1000
1001
1002
1003
1004

1005
1006
1007
1008
1009
1010
2000

2001

G
(M

60

DFSIEDE = DFSIBDBHUFSITCLIXNTHDOFSIB(I)XDR
X +OFSIHCI) XDHALUFSITH (L) XTR
CONTINUE
FNUM = DFSLEBUEB¥1CO
FOEN = PSIRB(2Z)-FSIHC(L)
IF(FDEN.EQ.O) €0 T0 801
FACCUR = FPNUM/FLEN

WRITE(10s%) 7 ¢
VRITE(105,1004) LTsLRyLHy IR
WRITE(10,1005) FLEN
WRITE(10,1002) DFSIRKLE
WRITE(1051003) FACCUR
CONTINUE

GO 70 900
FRINT %y ‘DFSI(RIXLR = 07

CLOSE(10)
CONTINUE

FORMAT (A)

FORMAT(F8.5)

FORMAT (1Xy "UFSI(R)XDELTAR='+E16.8)

FORMAT (1Xs "FPERCENT ACUURALY=‘+F16,8)

FORMAT(1X+ "CHANGE IN MEMEBRANE THICKNESS =7yFR.%s/»1Xs CHANGE
¥ IN BEAM WIDTH =/,F8.,5s/5s1Xs CHAMNGE XN KFAM DEFTH =‘+F8.5y
¥/ 1Xy 'CHANGE IN BENUING FLATE THIUKNESS =7+F8.5)

FORMAT (1Xy “FSI(R{LIE) - FSI(K) = ‘,F16.8)

FORHAT(I4)

FORMAT (1Xy “X¥XCONSTRALINT 1YFF =:/914)

FORMAT (/91X X¥¥STRESS TYFE =/rI4)

FORMAT (2A4)

FORMAT (1Xy "CONSTRAYNT ELEMENI IS “,14)

FORMAT (1) s "ENTER 14y 4 CONSTRAINT ELEMENISy FOLLOW EACH RY
¥ A RETURN’)

FORMAT(1X, "ENTER’ » 14y ELEMEMNTS THAT ARE. Tt HAVE AN AMJOINY
¥ LOAD CALCULATED, FOLLOW EACH RY A RETURN. ‘)

END




SUBROUIINE AL16(XsYyCrALs TRy THK,»1T)

61

£F 30K 3O KOK KK KKK KK KK KK K KOKRKK 0K KX K0K 30K K KOI0K K 0K KKK O K OKIOIOR IO KRR KK

CHX

CP¥ AL1&! ARJOINS LOAD CALCULATION FOR TRIANGULAKR ELEMENS 14601

CFx

P RORAROR KK KK O KK RO KRR IOKOK 30K JOR XK KO 30K XA KKK OKOKKOK AOKIOOKORKOK IO KK
CFx

(CF% DESCRIFTION?

CFx

LF% ‘AL16° CALCULAIES THE ADJOINT LOADS FUOR THF TRYANGULAR
CFx FLATE BENDING ELEMENT., AL = CCJIXLBIXHP WHERE

CFx [C1 1S THE DNERIVATIVE OF THE STRESS FUNUTYUN VUECTOR
Crx TIMES THE FLASTICITY MATRIX. SINCE IYFall CALCULATES

CFx STRESS RESULTANIS FIRST» LALJ MUST RE WULTIFLIED BY
CFx FLATE THIURNESS DRIVIDE RY 2,

CFx CR]) IS A 3IX? MATRIX IMN CULUMMNS 4y% & 6 OF CWl. M

CHx IS THE CHARACTERISTIC FUNCYION THAT IS 1/AREA OF THY
CFHx ELEMENT THAT IS CUNSTRAINEUL AND ZERO FOR ALL THE UYHER
CHx ELEMENTS.

CFx%

(M 323225222333 323323333220 02220 32 i si st sns e s st sttty
Ch¥

CF¥ X THE LOCAL ELEMENT X COURUINATE

Chx Y THE LOULCAL ELEMEN! Y COORDNIMNATE

CFP¥® c MATRIX [CJ = CDGI*CEIXT/2 3IX4 MATRIX

CFx* Al ADJOINT t.0AD VECTOR

CFx TR TRANSFORMATTION MATR1X

CFx THK MATERINAL THICKNESS
CHx T MINSIDE NODE COLUMN LOUCATOR
CFx

(M 2220222022332 20232 333022338 222333 3332233232323 00333203022022822)

c
INCLUDE ‘LAEGSDR.INCI 1MPL1C.SFC”
INCLURE ‘LCAEGSDR.INCI CNIL.MUN’

EQUIVALENCE (NNAY(14)1IFR)

o]

DIMENSION X(3)s Y (D) sGFTS(393) s XL(E) s YL(E) s W18y 7)L(3)

X F(2)rAL(1B8) yR(673) 1 TH(6s6) rRF (69 3)
c
DATA GFTS/70.,0D0:».5005,500s 4SO 0,000 4 U110y
c
Cxkx INITIALIZE VARIAELES
c

o 10 1=1,%
10 F(I) = 0,000
no 12 1=1,18
12 AL (18) = 0.0D0
DO 14 I=1s6
DO 14 J=1,3
R¢I»J) = 0.000
14 CONTINUE
i
AREA = EUTRIACX»Y)
XHf = 1.10/AREA
C
C¥¥x GET LOCAL X AND Y COORDINATES
C
CALL HOVESF(XL s Xs3XIFK)
CALL MOVESF (YL Y IXIFR)
CALL SF1S01(XLsYLsGFTS(19J 1) sbisbt)

A0y OO0, 000/



DO SO M=1»Y¢
GASH = 0,000
o0 40 J=1,3
GASH = CASHHL () ¥W(MrJI+3)

40 CONTINUE
F(M) = F(M)+GASHRXHI*
9 CONTINUE

¥ .
kX ROTATE ADJOINT LOAD VECTOR 10 CGLORAL CUURDINATE SYSTEM
c

N = 1
Do 60 HMM=1,34
R(3yMM) = F(N)
R(AsMM) = F(N+1)
R(SyMM) = FIN+2)
N = N+3
60 CONTINUE
CALL UMXARCIByRsRFr1693596)
N1 = O

DO 80 M=1:3
no 70 Mi=1+6
ALMI4NL) = RF(M1+M)

70 CONTINUE
N1 = N1+é
€80 CONTINUE

00 90 N2 = 118
AL(N2) = AL(NZ)XIHK/2,0D0
Y0 CONTINUE

RETURN
END




FUNMCTION AREAUC(X»Y)
M 2332532333222 2232222333 0338038302320 002330 223038380030233803333238¢23%/

CFx

CFX AREAQ! CALCULATES THE AREA OF A STRAYGH! SINED FOUK OR

CFx EIGHf NODE ELEMENT.

CF¥

33335333303 32330 3230053222022 3 3003272022330 3033202802020208028223:
CFx

(M ¢ X GLORAL X COORDININATES
CFx Y GLORAL Y COORDINATES
CFx
(M3 233333322033 5022 8233082383230 82332320¢2 23208323 3832233082223"
C
INCLUDE ‘CAEGSLIR,INC] IMMLIC.SFC’
INCLUDE ‘CAEGSIR.INCI ACCIFN.MON’

INCLUDE ‘CAEGSDR.IRCY EFLEDLS HONY

c
DIMEMSION X(4) s X1(3)rX2(3) 1Y (4) YL (X)) Y2(E)2Z(4)»BUF (100)
Cc
DATA IREF/1/
c
Cr¥¥¥x CALCULATES THE AREA OF A QUADKALATERAL
c
IF(NUNFE.EQ.8) GO TG 20
c
C  FOUR NODELD' ELEMENT
C
X1¢1) = X(1)
X1(2) = X(2)
X1¢(3) = X(4)
Y1(1) = Y(1)
Y1(2) = Y(2)
Y1(3) = Y(4)
A1 = EUTRIA(X1yY1)
X2(1) = X(2)
X2¢(2) = X(3)
X2(3) = X(4)
Y2(1) = Y(2)
¥Y2(2) = Y(3)
Y2(3) = Y4
A2 = EUIRIA(X2,Y2)
GO 10 30

2
(. EIGHT NOIED ELEHMENY WITH STRALGHI SILES

2
20 X1(1)

= X(1)
X1(2) = X(3)
X1¢3) = X(3)
Yi(1) = Y(1)
Y1(2) = Y(3)
Y1¢(3) = Y(3)
Al = EUIRIA(X1,Y1)
X2(1) = X(1)
X2¢(2) = X(%)
X2¢3) = X(7)
Y2(1) = Y1)
Y2(2) = Y(I)
Y2¢3) = Y(7)

A2 = EUTRIA(X2,Y2)
2
30 AREAR = Al1+A2
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9]

807
c
877

200
™

GO TO 900

FRINT 877y IERK

FORMATC(1Xy*ACCELLC RETURNED WITH ERROR‘»s 14)
CONT INUE

RETURN
ENI?
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SUBROUTINE COMP (FSIEsMNTsNELM)
(M E3333 2252222232 223232333232 0323383232332 22203 3230302322323 3323% ;4
CFx
CFP% COMF! BRANCHES 10 THE AFFROFRIATE ELEMENT TYPE TU CALCULATE

CFx%

M2 233 ¢330 222003233 22222803 383333803 20003008338 8323332222380230 ¢4
CFx

CF¥ DESCRIFTION!?

CFx .

CFx “COMF‘ RRANCHES TO THE AFPFROFRIATE ELEMENT TYYFE TO

CFx CALCULATE THE COMFLIANCE AMD THE COWFLIANCE SENSIT-
CFx IVITY VECTOR.

CFPx

M 2228398332202 2338333030833 4323232832333 33323%3333302322404233:4
c

INCLUDE ‘CAEGSDR.INCI IMPLIC.SPCS

INCLUDE ‘“CAEGSDR.INCI ACCIFN.MON

INCLUDE ‘CAEGSDR.INC] CNTL.HMON’

INCLUNE ‘EAEGSDR.INC] ELEDES.MON’

INCLUDE “CAEGSDR.1NCD SVECTR.MON‘

COMMON/LCSDES/DLUS(90)
C

EQUIVALENCE (NRAY(97) s IDES) s (NUVAT(Y8) 2 JIIKL)

65

c
DIMENSION DATNCS0)FSIBR(500)sFSIE(2)»CFRUF () PSIRTE(900)
c
DATA IREF/1/
c
FSIR16 = 0.0
FSIRCS = 0.0
SOFSIT = 0.0
SDFSIE = 0.0
SIFSIH = 0,0
SDIFSTR = 0.0
C
C SET LOAD CASE NUMBER FOR COMFPLIANCE
C
L1 = LCS + NC
c
C
C SETUF FOINTERS
c

CALL ACCELM(1sIFNELMy INESy1 20y TERK)
IFCIERR.NE.O) GO TO 800

CALL ACCFES(1s1FNFESYIDBLs1+0L1505s0sIERR)
IF(IERR.NE.O) GO 70 801

CALL ACCCNDC(1yIFNCNDYs 11'BLs1,L150+0,IERR)
IFC(IERR.NE.O) GO TO 802

CALL ACCLCS(1rIFNLCS»IDBL 1,0, IERR)
IF(IERR.NE.0) GO TO 805

CALL ACCNODCI» JFNNDIy TNIBS 1209 IERR)
IF(IERR.NE.Q) GO TO 806

CALL ACCELC(1s)FNELCyIDESy1,0,051ERR)
IF(IERR.NE.O) GO TO 807

CALL ACCMAT(1»IFNMATy I1'BS»1,50,0yIERR)
IF(IERR.NE.OQ) GO TO 808

CALL ACCEFR(1yIFNEFRy IDESs1+0509s YERR)
IF(IERR.NE.OY GO 10 809

CALL ACCEENC(1+1FNEEN,YYEL,3+s0L1+02,0yIERR)
IFCIERR.NE.O) GO TO 810



o0

[ w R

100
C

LOOF THROUGH THE ELEHENIS

[0 100 I=1,NELM
IF(I.6T.1) GO TO SO

GET INTERNAL LOAD CASE NUMEEK
CALL ACCLCS(2sIFNLLSsL1,2,DLLSy IERR)
IFC(IERR.NE.O) GO TO 805
ILCN = DLCSC21)

GET ELEMENT DESCRIFTORS

CALL ACCELM(YyIFPNELM»I»2,IEDy IERR)
IF(IERR.NE.O) GO TO 800
RRANCH TO THE AFFROFRIATE ELEMENT TYFE

IFCITYP.EQ.11) CALL COMPIL(NT,IrYLOCW)
IFCITYP.EQR.S) CALL COMFOS(NIsIsILCNsFSIER)
IFCITYF.EQ.16) CALL CH16(NTyIyILCN'FSIEBTR)

FSIER16 = PSIRIGHPSIETR(I)

FSIRCS = FSIRCS+FSIBR(I)

SDOFSIT = SOFSITHOPSIT(I)

SDFSIE = SDFSIR+NPSIR(IY

SDOFSIH = SDFSIHHDFSIH(Y)

SDOFSTE = SDFSTRENFSITEC(I)
CONTINUE

IF(NT.GT.1) GO TO 720

WRITEC(10.859)

N0 710 I=1,NELM

WRITE(10,857) IsLPSIT(I)S»DFSIRC(I) sLFSTHC(L) #IHFEITE(D)
WRITE(102861) SOFSITySHFSIRy SIHSIHYSOFSTE

IF(ITYPL,EQ.11) CALL CFSITI(FSLIBT,ILCN,s IFEF)
PSIBR(NT) = FSIRT + FSIECS + HEIRLS

WRITE(10:858) FPSIE(N1)
FRINT 858, FSIR(NI)

CLEAN-UF EVERYVHING

CALL ACCELLM(4s)FNELM»O»C:0s1ERR)
IF(IERR.NE.0) GO TO 800

CALL ACCFES(4»IPNFES»0»090,0,091ERR)
IF(IERR.NE.C) GO TO 801

CALL ACCONDI(As IFNCHD» 005050905 LERR)
IF(IERR.NE,0) GO TO 802

CALL ACCLCS(4,IFNLLSY»0sQs 0y 1ERR)
IF(IERR.NE.QO) GO T0 %05

CALL ACCNOD'(Ay IFNNOL's0» 0509 1ERK)
IF(IERR.NE,O) GO TO 806

CALL ACCELC(AsIFNELCs0s0,0,0»1ERR)
IF(IERR.NE.O}Y GO TO 807

CALL ACCHMAT (4 IFNMAT»0»0,0,0+ IERK)
IF(IERR.ME.Q) GO TO 808

CALL ACCEFR(4,IFNEFRs0s09090s IERR)
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o

800
301

302

806
307
308
309
810

C
C
820
<
[
357
858
859

861
362
970
871

IF(IERR.ME.O) GO

T0 80%

CALL ACCEENCA» IFNEEN:OsD2 9090y 1ERR)

IF(IERR.NE.CQ) GO

G0 TO 820

FRINT 870y IERR
GO TO 820
FRIMI 871, IERR
GO TO 820
FRINT 872y IERR
GO TO 820
FRINT 875» IERR
GO TO 820
FRINY 877, IERR
GO TO 820
FRINT 878y I1ERR
GO 70 820
FRINT 879y IERE
GO TO 820
FRINIM 876+ IERR
G0 TO 820
FRINT 8B0» IERR
GO TO0 820

CONTINUE

FORMAT(I3s4Xs4(EL16
FORMAT (1X,y ‘FSIR=",

FORMAT(IXy /21Xy "EN +6Xs “SENSITIVITY
*7X9 'SENSITIVITY H/»éXy"SENSITIVITY

T0 4i0

.8;4)())
E16.8)

€ WKRITE ERRDR MESSAGES 10 THE SCREEN

FORMAT(1Xs» /21X TOTAL=" s 4(E16.,814X))

FORMAT (1Xs "ELEMENT
FORMAT (1Xs “ACCELM
FORMAT (1X s "ACCFES
FORMAT (1X» “ACCCND
FORMAT (1Xs “ACCLCS
FORHMAT (1Xs ‘ACCEFR
FORMAT (1Xy ‘ACCNOD
FORMAT(1X s ‘ACCELL
FORMAT(1X» "ACCHMAT
FORMAT(1X» “ACCEEN
FORMAT(14)

RETURN
END

‘y14)
RETURNED
RETURNED
RETURNED
REfURNEL
RETURNED
RE TURNED
RETURNEL
RETURNET
RETURNED

WIH
WITH
WITH
WITH
WITH
WITH
WITH
WI'TH
WITH

ERROR
ERROR
ERROR
ERROFE
ERROK
ERROR

17¢7Xs "SENSITIVITY K*,
TR

)
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SUBROUIINE COMFOS(NTsIyILCNsFSIER)
M3 S33333332 3¢ rFEssteesieesississots s e ses st e sz iiosrsssssy

CFX
CF¥ COMFOS! CALCULATES COMFLIANCE AND SENSITIVITY FOR A REAM
CPX

CFIORK RO IOOK KOO IOKK KKK KOORS00 KOO ¥ Ok ¥ X
CFX

CF¥ DESCRIFTION:

CFX '

CFX ‘COMFOS’ CALCULATES THE COMFLIANCE ANI' THE DUSIGN

CFx SENSITIVITY FOR A 1-D EEAM IN EENDING» WITH AN

CFxX AFFLIED ELEMENT FORCE IN #/IN. SELF WEIGHI IS

CF% NEGLECTED. KEAH VORSIUN HAS REEN ADNED.

CF¥

CF RO KKK K IOKE KORKEORK R XCHOKK S 30K KR KK KK K A0 KKK KOK A OO KK ¥ X0k
CHR ‘

CFX  NT COUNTER FOR FINITE DIFFERENCE

cPx I EXFERNAL ELEMENT NO. REING FROCESSED

CFx  ILCN INFERNAL LOAD CASE NO.

CFx  NELM TOTAL NO, OF ELEMENTS

CFX

CFRORKOORE AR KR KOKJOKOE KRR KKK KRR KKK K 08 K AR OO Ko ¥ KR

c
INCLUDE ‘CAEGSDR.INC] IMFLIC.SFC’
INCLULME “CAEGSDR.INC] ACCIFN.MON’
INCLUDE ‘CAEGSIR.INC] CNIL.MON‘
INCLUDE ‘LCAEGSDR.INCI ELEDES.MON’
INCLUDE ‘LCAEGSDR.INC} SVECTR.MON~

EQUIVALENCE (NDAT(14)y1F)

DIMENSION GFLW(3) s PSIEEC(SOQ) »INSHEF (12) o X (L) o Y(3V5Z(3)y

% SHFF (12) s SEUF (200) s BAINC(I0) » CFRUE (A) 1 EQRUF (200)
X RUF (100)sCD(256) sWIW(A)yCCEs2)1CDL (29632 T(393)y
X TRC(426)1COORC(S98)

DATA GFLW/-.7745%966710y ODOy 77459667N0/
DATA WrW/ 5555555600, 8888888710y HT35555561107
DATA KI/3/sIREF/1/+MFT/1/

FSIBHC(I)
DFSIBG = 0.0
DFSIHG = 0.0
IF(I.GT.1) GO TO S0

C GET AFFLIED' FORCE IN #/IN.
C

FRINT %o * ¢
FRINT %, ‘ENTER AFFLIED FORCE IN #/IN. UNITS
READN(S,1001) AF

C

£ GET AFFLIED DISTRIEBUIEL MOMFNTF

c
FRINT %o/ ~
FRINT ¥, "ENTER AFFLIED DIISTRIBUIED MOMENI
READN(S,»1001) AM

C

C GET AREA MOMENT OF INERTIA ARUUT Y-AXIS

Cc

50 CALL ACCEFR(2,IFPNEFRy 1IFTAE,0yBUF sLENy IERK)
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69

IF(IERR.NE.O)Y GO TO 809
YI = BUF(3)

H = 2,.DO¥BUF (%)

B = 2.D0OXEBUF(10)

BW(NI) = R

EH(NT) = H

: GET WEIGHT DENSITY AND MODULUS OF ELASTICITY

-~
4

GAMMA = 0.0I0

E EUF (3)

v BUF (7))

G E/(2,D0%(1.,DOIV))

GET DISPLACEMENIS AT ELEMENT FNNS

aooc

D0 150 J=1»NUNFE

CALL ACCCNID(2s IPNCNL TNINNC(J) 912 ILCNCFRUF sLENy JERR)

IFCIERR.NE.O) GO TO 802

DO 150 K=1,NDOF

CO(JyK) = CFEUF(K)

150 CONTINUE
C
KRR K KKK K K 0K XOKOKROK KKK KKK KO K 00K KRR E KR 00K KK K OE oKk ¥ X
€ EVALUATE DISFLS. AND CURVATURE AT THE GAUSS FOINT USING
C SHAFPE FUNCTIONS - ONE FT. FOR CURV., THREE FT. FOR DISFL
0295333530088 0233023 3032333080333 303232300002 20208R0200 082

C GET Xs» Y» AND Z OF ELEMENT NODES
C
CALL ACCELC(2s1FNELCyKINI » IREF »BUFyLENy IERR)
IF(IERR.NE.O) GO 7O 807
M =1
g 200 J=1,9+3
K = J41
L = J+2
X(M) RUF (J)
Y(M) BUF (K)
Z(M) = RUF (L)
M = M+1
200 CONTINUE
00 210 J=1,3
COOR(1yJ)
COOR(2s )
COOR(3s J)
210 CONTINUE
c

¢ FOrRM THE ELEMENT LOCAL COORDINATE SYSTEM

oaon

X¢J)
Y(J)
(N

a1

IN3 = INTHN(SD
CALL EUBTM(INAYRE1A»COORs Ty IERR)
CalLL ZEROSF(TRB,346xIF)
Do 220 J=1,3
DO 220 K=1,34
TBRCIK) = 1K)
TR(J+3IsK+3) = T(IrK)
CONTINUE
CALL UMXABT(TRBsCDCrér2r6)
o 230 J=1.2
00 230 K=1,6

8]
[}
o




230
Cc
C
c

235

an

C

70

COLCJIYK) = C(Ky D)
CONITINUE

CALCULATE ELEMENT LENGTH

X = X(2)-X(1)
ny = Y(2)-Y(1)
pZ = Z(2)-2(1)
EL = DSQRT(DXXDX4DY¥DY4DZXDZ)

IFC(OY.EQ.O.AND.DZ,.EQ,0) GO TOH 236
DO 235 J=1yNUNFE

COL(Js4) = -CDL(Jr4)
CONTINUE

CHANGE LOCAL Y-ROTATION FROM FOSITIVE TO NEGATIVE

C IF EEAM LIES ALONG X GLOBAL AXIS
C
236 IFCDX LT.0. 001 AN X, GT.~0,001) GO TO 246
N0 240 J=1sNUNFE
ChL(JsT) = ~CILCJ» D)
240 CONYINUE
(o4
2446 F = -AF - GAMMA¥RXH
C
C CALCULATE THE TWISTING ANGLE
Cc
WXY = DABSC(CIL(2,4)~CHL(124))/7EL)
C
C EVALUATE SHAFE FUNCTIONS FOR IIISFL.. - THREE FOIN) QUADRATIHRE
c .
B2 = BXE
B3 = BIXH
B4 = BR3IXR
H2 = HxH
H3 = HX2%H
WRITE(1051002) 1
WRITE(105,1004) EyGsV
WRITE(10s1003) HsE
C
[0 300 K=1,3
FSI = GFLW(K)
CALL EUZDSE(FSI»SHHFyDOSHKF» 2sEL)
W = (SHFF(3)¥CLL (1,3 +SHHF(SIXCDL(1:3)
+SHFF (9)¥CDL (2 33 +SHPF (13 XCDL(2,5))
c
€ EVALUATE SHAFE FUNCTIONS FOR CURV. - THREE FUING QUATRATUKRE
c
WXX = (DDSHPF(3)XCLL (19 3)4DDSHHF (LI¥CIL (15
+DDSHFF(P)XCDL (29 3) +DDOSHFF (131 )XCDOL(295))
WRITE(10,860) KrWsWXXrWXY
C
IF(NT.GT.1) GO TO 250
©
C CALCULATE SENSITIVITY VECTORS
c

FUOBR = HS/3.D0=,42N0%EX (H24RA/ (4, DOXH2Y)

FJH = EB¥H2~,A2DO0OXE2%(H-K4/(12,D0%HS3))

DFSIBG = NFSIEGH(-2¥GAMMAXHXW- (EXHS/12) XWX X ¥l xX~-
FJBXGXWXYRWXYI KWW (K XCEL /2.0

DFSIHG = DFSIHGH (-2¥GCAMMAXEXW- COKE*REHD /10 ) WX XH WX X~
FPOHXGXWXYRWXYIXWIW(K) ¥ (EL/724100)




c
C CALCULATE PSI(E) - INTEGRAL OF FORCEXDISFLACEMENT
c

250 FSIEBB(I) = FSIRR(1) + (FXWHAMXWXY)IFWTW(K)X(EL/2,.D0)
300 CONTINUE
WRITEC(10,1003) DFSIEGyDFSIHG

IF(NT.GT.1) GO TO 820
DFSIRC(I) = DFSIEG
DFSIHC(I) = DFSIHG

GO 70 8290
c
L WRITE ERROR MLSSAGES TD THE SCREEN

go2 FRINT 872, IERR
GO TO 820
307 FRINT 878+ IERR
G0 T0 820
308 FRINT 879+ IEERR
GO TO 820
809 FRINTY 876+ IlERR
Go 10 820
C
C
820 CONTINUE
C
o
851 FORMAT(/s1Xs BEAM WIDNTH B=’+F8.,5¢2Xy "REAM MLPTH=',F8,5s X
¥y ‘E=/2E94392Xs "IYY=/yER 312Xy ‘GANMA=" 2 F 4, Ty "APFLIED FORCE
*¥=’9F8.5)
855 FORMATC(1X e "MODE="» 12+ 22Xy "‘X="9E12.F92X» ' Y="sb12.522X0 " 2="y
¥E12.592Xs ‘RX="»E12.592Xs ‘RY=/E12 ., 5y 22Xy ‘RZ="+£12,95)
860 FORMAT(1X» ‘GF="»1254Xs " W="yE11.554Xs " UIXX=‘yE11.5:4Xs
X UXY='yE11.5)
870 FORMAT(1Xy "ACCELM REVURNED WITH ERROR ‘»X4)
872 FORMAT(1Xy "ACCCND RETUKNELD WITH ERROR ‘»J74)
876 FORMAT (1X» ‘ACCEFR RETURMELD WITH ERROR ‘»,14)
878 FORMAT(1Xy 'ACCELC KETUKNER WITH ERROR ‘s14)
879 FORMAT(1X s ACCMAT RETURNELD WITH ERROR ‘»14)
1001 FORMAT(EL12.5)
1002 FORMAT(1Xs 'ELEMENT =’,14)
1003 FORMAT(1Xy  LFSIBG='HE12.5+4Xy "IFSIHG="»F 12, 3)
1004 FORMAT(1IXy "E=/sE12.514X9'G="sE12,594Xs "V="E12.5)
1005 FORMAT(IXy ‘HEIGHT="3E12.594Xs "WIDTH="yE12.%)

c

RETURN
END



SURROUTINE COMMILI(MIsIsJLCN?
(NI 23233353333 202832022283 20022333080 33330022300222230222200223¢

ChHx

CF% COMF11! CALCULATES COMFLIANCE ANL SENSIT. FOR FLANr STRESS
Chx

2K 0K KKK OKOKKOKK KKK KK HOK KKK KOF K AKCKOK RO ¥ O IOk 0ok 0ok x X
CFPx

Cek DESCRIFTION?

CFx )

CF% ‘COMF11‘ CALCULATES THE COMFLIAMNCE AMLD THE DUSIGN

CFrx SENSITIVITY OF THE FOUR ANN EIGHI NDODE FLANE STRESS
CFx ELEMENYF IM TRACTION WITHOUT SELFWEIGHT.

(M

(M3 2338333333330 323 3332320332803 ¢323333 2232220 RS RReatiRRe
CFx

CFx N1 COUNTER FOR FIMNITE DIFFFRENCE

CFx 1 EXTERNAL ELFMENS NO, BEING FRULCEGSED

CFhx ILCN INTERNAL LOAD CASE NO,

CFx

R R e P it sttt et s t3at221222 22223 SR
C

INCLUDE ‘CAEGSDR,.INCI IMFL1C,SFC’

INCLUDE ‘CAEGSDR,INC] ACCIFN,MON‘

INCLUDE ‘[AEGSDR,INC] UMNIL.MON’

INCLUDE ‘CAEGSDR.1INCI ELEDES.MHON’

INCLUDE ‘LAEGSDR.INC] SYLCTR.MON*

DIMENSION X(8)rY(8)sZ(8) s SHPF(8)sGFL(254) »DATN(DC)

* RUF (100) s FSIK(Z) » SEUF (50) s CFRUF (&) y EQEUF (L0) »

X DSHFGX (&) yDSHFGY (&) » BF (45 48) s SE(S00) s DSHFL (s W)y
X SIGHMA(624) sEFSLN(S4)

DATA  GFL/2%-.87735027y 97735027 9=057730027y
X 2%.577350279y-.57735027 .S57735027/
DATA KT/3/»IREF/1/

SE(I) = 0.
IF(NT.GT.1) GO TO 350

c GET ELEMENT STRESSES ANN STRAINS
C

CALL ACCFES(2sIPNFESsKINT s IREF» ILCM»SRBUF L ENy IERR)
IF(IERR.NE.O) GOTO &01%

LOC = LEN - 1

M =1

D0 50 K=1,NSUVAL

SIGHMA(1sK) = SRUF (M)
SIGHA(2yK) = SEUF (M+1)
SIGHMA(3IK) = SEUF (M+3)
M = Mt4

50 CONTINUE

DO 60 K=1,NSVAL

EFSLN(1,K) = SEUF(M)
EFSLN(2yK) = SBUF(M+1)
EFSLN(3sK) = SBUF (M+3)
H = Mt4
40 CONTINUE
c
C GET X AND Y FOR JACORIAN EVALUATIUN
c

CALL ACCELC(2+IFNELC,KINT»1REF»BUF sl ENRyIFRR)
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200

GO

S0

OcoOr

ao0o0

300

320

330

340
c
-

350
M
c
c
801

6807
309
c
C
820

C
-

IF(IERR.NE.O) 0 TD 807

H =1

00 200 L=1sLENE,3

J =L+l

K = L42

X(M) RUF (L)

Y(M) BUF (.J)

Z(H) = RUF(K)

H = M+1
CONTINUE

CALCULATE FORCES AT THE GAUSS FOINrS

D0 250 L=1,NDOF

[0 250 KR=1,NSVAL

BF(KsL) = 0,0

CONTINUE

LOOF OVER THE GAUSS FOINTS

[0 300 K=1sNSVAL
FSI = GFL(1,K)
ETA = GFL(2sK)

EVALUATE SHAFE FUNCTIOMS AT THE GAUSS FUINTS

IF(ISTYP.EQ,2)

X
IFCISTYFP.EQ.4)
X
IFCIERRNE,Q)
CONTINUE
WRITE(10:855)

DO 320 K=1,NSVAL
WRITE(10:,854) K»
WRITE(10:860)

DO 330 K=1sNSVAL
WRITE(10+y854) K»
DO 340 J=1+NSIG

Call FU2NLQACFEI sk rA«K 1y SHFF yDSHEL »
DSHFGX s NSHFGY s HET Iy Xr Yy JIERR)
CALL EU2DFQ(FSIsETAsK s SHFFyDSHEL ,
DSHFGX» LSHEGY s DETJI» Xy Yy IERR)

GOT0 809

(SIGMACIIK) » J=11NSIG)

(EFSLNC(JI K>y J=1,NSIG)

DO 340 K=1,HSVAL

SE(I) = SE(I

+ SIGHACJ IR IREFSUNCU b INDETY

CONTINUE
CALCULATE SENSITIVITY VECTOR
DPSIT(I) = ~ SECI)

GO TO 820

WRITE ERROR MESSAGES TO THE SCREEN

FRINT 871, IERR
GO TO 820
FRINT 878, IERR
G0 70 820
FRINT 874, IERR
GO 70 820

CONTINUE
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C

854 FORMAT(1XsI2,2Xs3(E16.8,2X))

855 FORMAT (1Xy “GF “ » SX» *SIGHAX(GF) 7y 8Xy “SIGMAY (GF) “ 58X,
X7 SIGHAXY(GF) )

860 FORMAT (1X» “GF 7 s 5Xs "EFSLNXCGF) “ 18Xy 'FFELNY (CF) 78X,
% EFSLNXY(GF) )

371 FORMAT (1Xr /ACCFES RETUSRNED WITH ERROR “:14)

876 FORMAT(1X, ‘EU2DFQ RETURNI'D WITH ERROR ‘s)4)

878 FORMAT (1Xy *ACCELC RETURNED WITH ERRDK ‘»X4)

RETURN
END
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SURROUTIME CFI16(NMyIs» ILCNyFSIRTE)
(3323332323033 3320382330302233 032203323323 2333202002022022208022
g;: CF16! RRAMNCHES TO THE AFFROFRIATE ELEMEM) SURTYFE
E;:*****X#*************X****#****X*********t***#Xt**#****t***#*
g;: DESCRIFTION!?

CFPx

CF¥ ‘CF16‘ BRANCHES TO THE AFFROFRIATE ELEMENT SUBTYFE
CFx TO CALCULATE THE COMFLIANCE AWR CONFLIANCE DESIUN
CFx SENSITIVITY OF THE FLATE BEMNDING ELEMFNT 16.

CFx NOTE! THIS DOES NOT TAKE INI0 ACCOUNT ANY MEMBRANE
CFx STIFFNESS.,

CFX

(M 233233 F o322 03 3¢ 202230330383 3222230328222 020202
CFx

(W28 ¢ NT COUNTER FOR FINITE DIFFERENCE

CFx I EXTERNAL FELEMENT NO. HEING FROCESSED
CHx ILCN INTERNAL LOAD CASE MO,

CFx FSIBRTE COMFLIANCE ¥ A BENDING FLATE,» USED FOR
CEx CALCULATING THF FINITE DIFFERENCE

CFx

(M 233222 2223822383322 20303¢ 2232238208303 3223 2333023082208 232232¢8 94
INCLUDE “CAEGSDIR.INCI IMPLIC.SFC’
INCLUDE ‘CAEGSDR.INCI] ELFLES.MON
INCLUDE ‘TAEGSDR.INCI SVECTR.MON‘

c
DIMENSION FSIEBTER(S00)

C

Cx¥ BRANCH TO THE AFFROFRIATE ELFMENI SURTYFE

c
IFCISTYP.EQ.1) CALL CF1601(NT»IsILCNsFSLEBTR)
IFCISTYPL.EQ.2) CALL CF1602(NT»Is ILCNyFSLRIR)

RETURN
END



SURROUTINE CF1601(NfyIsILCHsFSIKTR)
CPEORIRR KR KRR KR KKK 0K OO 6 KK
CF¥ CF1601! CALCULATES COMFLIANCE AMN D-SIGH SENSITIVITY
g;:*xxxx**xxxx*x***xx*xxx*x*xxx*xx****xtx**t****xx*x:**xmt*:x*
CPf DESCRIPTION

CPx

CPx ‘CF1601’ CALCULATES COMFLIANCE AN DESICGN SENSITIVITY
CPx FOR A TRIANGULAR BENDIMNG ELEMENT.

CFPx

(M 3393323333335 323333303¢22 3023223333333 2830832020233033203228 )4
CF¥

CFx NT COUNTER FOR FIMNITE DIFFERENCE

CFx I EXTERNAL EI EMENT NQ., BEING FROCESSEN

CHx ILCN INTERNAL LOAD CASE NO.

CrY FSIBTR COMFLIANCE, USED FOR CALCULATIMG FINITE LIFFERENCE

ChX
(M2 0022033032203 320 0803022823202 0823338 3232323325222 03232300030
c

INCLUDE ‘CAEGSDR.INC] IMFL1C.SFC’

INCLUDE ‘CAEGSDR.INCI ACCIFN.MON’

INCLUDE ‘CAEGSIR.INCI CNIL.MON

INCLUDE ‘CAEGSDR.INC] ELEDES.MON’

INCLUDE ‘CAEGSDR,INC] SVECTR.MON-

c
DIMENSION X(4)sY(3)sPSIR(2)»SRUF(100)yCPE(D00) yEF(X:6),
X SIGHMA(6 I P EFSLNC(S) yBUF (100) » CHFBUF (6) s EQEUF (100)
X FSIRTR(S00) s CLI(X16)92(3)
>
DATA KT/3/+IREF/1/7+MFT/2/
C

CFE(I) = 0,
FSIBTR(I) = O,
C
c GET FROFERTIES
C
CALL ACCEFR(2y IFNEFRsIFTAE,OsBUFsLENs IERR)
IF(IERR.NE.O) GO TO 80%
FB(NT) = BUF (25)
IF(NT.GT.1> GO TO 6%

c
c GET ELEMENI STRESEES AN STRAINS
C
CALL ACCFES(2yIFNFESsKINT»IREF» JLUN»SRUF»LEMN, JIERR)
IF(IERR.NE,O) GOTO 801
M =1
0 S0 J=1,sNDOF
SIGHMA(J) = SEUF )
50 CONTINUE
H =7
DO 60 J=1yNDOF
EFSLN(J) = SEUF (M)
M = M4l
&0 CONTINUE
c
C GET DISFLACEMENTS FOR FSI CALCWL.ATION
c
65 D0 70 J=1,»NUNFL

CALL ACCCHND (s IFNCNLy INTNN(J) » L ILCMs CFBUF s LENs IERR)
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IF(IERR.NE.O) GO TO 802
00 70 K=1,NDOF
Ch(JsR) = CFRUF(K)
0o CONTINUE

7

c

C GET EQUIVALENS FORCES AT THE ELEMENI NODES FOR F&1 CALC.
p :

CALL ACCEENC(2y IFNEENsKINI »JREF» ILCMsEQRUFyLEMs 1ERR)
IF(IERR.NE.O) GO TO 808
M =1 '
DO 80 J=1,»NUNFE
D0 80 K=1yNDOF
EF(JsK) = EQRUF (M)
M = Mtl
20 CONTINUE

IF(NT.6T,1) GO TD 340

€ GET THE JACORIAN
C
CALL ACCELC(2,IFNEILCyKINTyIREFsBUFsLFNEy IERR)
IFC(IERR.NE.O) GO TO 807
M =1
D0 200 J=1,LENRs %
XM BUF (J)
Y (M) BUF (J+41)
Z(H) BUF (J42)
M = M+l
200 CONTINUE
DETJ = EUTRIACX:Y)

CALCULATE SENSITIVITY VECTOR

[y Ex N e Ry

0 340 J=1,3
CFEC(I) = CFPEC(I) + SIGMACDIFYEFSILNCHXDETY
340 CONTINUE
DPFSITR(I) = - CFE(I) |

CALCULATE FSI(E) - 1INTEGRAL OF FORCEXDISFIALFMENT 1IN Z

S0 [0 400 J=1sNUNFE
FSIBTR(I) = FSIEITR(I) + EF(Js3X¥CD(I»3)
400 CONTINUE
GO 1O 820
>
C WRITE ERROR MESSAGES TO THE SCREEN

(o]

”

801 FRINT 871, IERR

GO TO 820

802 FRINT 872y I1ERR
GO TO 820

807 FRINT 877+ IERR
GO 10 820

308 FRINT 879y IERR
GO 70 820

809 FRINM 880y IERR
GO T0 820

c

c

820 CONTINUE
C
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X

FORMAT(1Xs ‘NODE’ »6Xy ‘DISF X’ 98Xy’ IISF

y8Xr ‘ROT X’ :9Xs “ROT
FORMAT(1Xy14,6(2X9E12.4))
FORMAT(1Xy ‘ACCFES RETURNED
FORMAT (1Xy “ACCCNL RETURNETD
FORMAT(1Xy ’ACCELC REJURNEMN
FORMAT(1Xs “ACCEEN RETURNED
FORMAT(1Xs “ACCEFR RETURNED

RETURN
ENLI

Y’ 99Xy ‘ROT

WITH ERROR
WITH ERROR
WITH ERROR
WITH ERROUR
WITH ERROK

Y‘y8Xr DISF “

L)
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SUKROUTINE CF1602(NMy s ILCNsFSIBTE)
(M 233333333 ¢33 ¢3¢ 2803303252322 83¢3 3¢ 2233838032032 82203238 08
é;: CP1602¢ CALCULATES COMFLIANCE AN)1 DESICGM SENSITIVITY
EE:***********l*********tt***##*tt*k#t*#****#*****#*#**##*#**t
52: DESCRIFTION?

CFx .
CFx ‘CF1602’ CALCULATES COMHLIANCE AND DESIGN SENSITIVITY
CExX FOR A FOUR NODE BEMUING ELEMENT.
CFx
(MR 2232382333008t e0eied st st s s i s s sss st ses st st b sy
CFx
CFx% NT COUNTER FOR FINITE VLIFFERENCE
CFx I EXTERNAI. NO. BEING FROCESStLR
CF¥ ILCN INTERNAL LOAD CASE RO.
CFPx FSIBTER COMPLIANCE
CF¥
(M 2323223228233 2 8333233330832 38320333 082022233¢2328328220332282%%
c
INCLUDE “CAEGSIDR,INCI IMFLIC.SFC”
INCLUDE ‘CAEGSDR.INC] ACCIFN.MON”
INCLUDE ‘EAEGSDR.INCI (CNIL,MON”
INCLUDE ‘TAEGSDR.INC]I ELEDES.MOM’
INCLUDE ‘EAEGSDR,INC] SVECTR.MON’
c
DIMENSION X{4)sY(4)FSIB(2)»SBUFC100) s LFF(U00) sEF (A456)y2(4)
X SIGMA(S:4) yEFSLN(474) s BUF (100) s CFRUF (6)
X EQRUF (100) s FSIBTE(500)» LN 4, 6)
C
DATA  KT/3/+IREF/1/ 1 M¥PT/1/
C

CFPE(I) = 0,
FSIBTR(I) = 0.

C GET FROFETIES

CALL ACCEFR(2s LFNEFRs IFTAR,QyRUF»LEN: 1ERR)
IF(IERR.NE.O)> GD TD HO®

FR(NT) = RUF(23)

IF(NT.GT.1) GO TD 6%

c
c GET ELEMENT STRESSES AMN STRAYMNS

CALL ACCFES(2sIFNFESyKINI y IREF » ILCHySRUF ») ENY IERR)
IF(IERR.NE.O) (DTO 8901
=1
[0 S0 K=1sNSVAL
J = M4l
L = Mt2
SIGMA(15K) SHUE (M)
SIGMA(2sK) SEUF (1)
SIGMA(3sK) = SHUF (L)
H = Mté
o0 CONTINUE
[0 60 K=1sNSVAL
J = H+l
L = M+2
EFPSLN(1sK) = SEUF (M)

won
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EPSLN(2,K) = SHUF(J)
EFSLN(3,K) = SEUF (L)
M o= Hi6
60 CONTINUE
c
€ GET DISFLACEMENTS FOR FSI CALCULATION
c
65 [0 70 J=1,NUNKE
CALL ACCCND(25 1FNCHL INTHN(J) » 17 1LCNs CFBUF yLF Ny JERR)
IF(IERR.NE.O) (O TO 802
00 70 K=1)NUOF
CIJrK) = CFRUF (K)
70 CONT INUE
c

C GET EQUIVALENT FORCES AT THE ELFMENT NODES FOR F&I CALC.
C
CALL ACCEEN(2sIFNEFNsKINVy IREF s ILCNsEQBUF »I ENy 1IERR)
IF(IERR.NE.O) (0 TO 808
M =1
00 80 J=1,yNUNFE
[0 80 K=1yNDOF
EF(JK) = EQBU+ (M)
M = H+l
20 CONTINUE
IF(NT.GT.1) GO TO 350
™
€ GET THE JACORIAN
C
CALL ACCELC(2+IFNELCKINI»IREF»BUF s ENRy JERR?
IFC(IERR.NELWOQ) (O TO 807
M =1
00 200 J=1,LENKsY
X(M) BUF (J)
BUF (J41)
RUF (J+2)

~
-~
x
~
nouwn

M = M+l
200 CONTINUE
DETJ = AREAQ(XrY)
DETS = DETJI/4.00
C
C
c CALCULATE SENSITIVITY VLCTOR

C

0 240 J=1,3

DO 340 K=1yNSVAL
CFEC(I) = CFPE(I) 4+ SIGMA(JIsKIXEFSILNC(I»NI¥DETY

340 CONTINUE

DFSITR(I) = - CPE(I)
c
C CALCULATE PSI(E) -~ TNFEGRAL OF FORCEXDISFLACEMENT 1M 7
c
350 DO 400 J=1,HNUNVE

FSIBTE(I) = FSLIETB(I) + EF(Js3IIXCDC(Ir»3)
400 CONTINUE
GO TO 820

c
C WRITE ERROR MESSAGES TO THE SCREEMN
c
801 FRINT 871, IERR

60 TDO 820
8302 FRINT 872y [ERR




807

808

309

C
820
C
c

852

853
871
872
877
879

ocCco

GO TO 820
FRINT 877y IERR
GO 7O 820
FRINT 879, IERR
GO TO 820
FRINT 880: IERR
GO 10 820

CONTINUE

FORMAT (1Xy "NODE “ +6X» "DISF X’ »8Xs ‘DISF

x 18Xy ‘ROT X/ 29Xy ROT
FORMATC(1Xy 1476 C(2X2EL12,4))
FORMAT(1Xs “ACCFES KRE (URNETD
FORMAT(1Xy “ACCCND RETURNED
FORMAT (1Xs ACCELC RETURNEI
FORMAT(1Xs “ACCEEN REIURNED
FORMAT (1Xy *ACCEFR RETURNED

RETURN
END

Y »9Xs 'ROT

WITH ERROR
WITH ERROR
WITH ERROR
WITH ERROK
WITH ERROR

Y7 8Xy " NISF
7))

‘2I4)
‘e (4)
‘9 X4)
‘y14)
‘v14)

’
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SUBROUTINE CFPSI11(FSIEVs2l Le1REF)
INCLUDE ‘CAEGSDR.INCI 1MHLIC.SFC
INCLUDE ‘CAEGSDR.INCI ACCIFN.HON’

INCLUDE ‘LAEGSDR.INCI CNTL.MONY
INCLULE ‘[AEGSIR,INC] HLEDES.HON

DIMENSION DIATN(S0) sCFERUF (&)
CALCULATE FSI(E) FOR FLATE - FORCEFXDNISFLACEMENT

o000

FRINT %’ °

FRINT ¥, ENTER NONE WHERE LOAD IS AFPLLER
READ(S»1004)> NEXT

FRINT *»° *

FRINT %y /ENTER LOAD DIRECTION(C1:{Xs.0vrb2RZ)’
READ(S»1004) LNIR

GET INTERNAL NODE NUMRER

oo

CALL ACCNOD(2» IFNNODsNEXT»2»VATN IERR)
IF(IERR.NE.0O) (GO TO 806
NINT = DATN(4)

3

C GET DISFLACEMENT AT NODE

C
CALL ACCCNU(Zy IFNCNDsNINTsIREF» IL1s CFRUF « LENs TERR)
IF(IERR.NE.O) GO TO 892
DISF = CFBUF (L.DIR)

FSIRT = 40000%DISP

™

C WRITE ERROR MKSSAGES

c

802 FRINT 872y IERR
GO TO 820

306 FRINI 877y 1ERR
GO TO 820

C
820 CONTINUE
W

872 FORMAT(1Xys ALCCNN RETURNED WITH ERROR ‘»34)
877 FORMAT (1Xs ACCHNOD RETURNED WITH ERROK “914)
1004 FORMAT(IA)

RETURN
END




SUBROUTINE DISF(FSIByNT/NELM)
(W33 23 223008223200 33 0080028022 20223233033 3830302333 3283223332¢%3;
gs: DISF: BRANCHES TO THE AFFPROFRIATE ELEMENT 1YFE FOR THk
é;:**#*******#*************t********#*****************V***l*#*
E;: DESCRIFTION!

CP¥ :
CF¥ ‘DISF‘ BRANCHES TO THE AFFROFRIATE FLEMENT TYFE FOR
CF% CALCULATION OF THE DISFILACEMENT COMSTRAINI AND THE
CF¥ DISFLACEMENT SENSITIVITY VECTOR,

CF¥%

(M2 2333022223200 23 2200232320030 228300022232 0322333233322333502383:
CF¥

CF¥ FSIE BISFLACEMENY AT X

[ 2 NT COUNTER FOR FINITE DIFFERENCE ~
CFPx NELH TOTAL NO., OF ELEMFNIS

CFx

(MR 2223220302232 0332032082830 32302 3383333333333 2232232333¢8%:
C

INCLUDE ’LAEGSDR.INCI IMPLIC.SFC’

INCLUDE ‘CAEGSDR.INCI ACCIFN.,MON‘

INCLUDE “CAEGSDR.INC]I CNfL.MON“

INCLUDE ‘CAEGSDR.INCI ELFLES.MON”

INCLUDE ‘LCAEGEDR.INCI SVECTR.MON-

€
EQUIVALENCE (NDAT(S7)INES) » (NITAT(%8) »1NRL)
c
DIMENSION DATN(SOX1FSIR(2)CFRUF (&)
Cc
DaTA IREF/1/
"
SIFSTE = 0,0
SUFSIT = 0.0
SUFSIR = 0,0
SUFSIH = 0.0
IF(NT.G6T.1) O TO 10
C
C
£ SET ADJOINT LOAD CASE NUMBER
o
L2 = LCS + NC
C
C SET ORIGIMAL LUAI' CASE NUMEER
¢
10 L1 =1
c
e
€ SETUF FOINTERS
c

CALL ACCELM(1sIFNELMs IDES,1,09IERR)
IF(IERR.NE.O) 60 TD 800

CALL ACCFESC1»IFNFESyIDBL»15L1:0,0y IERR)
IF(IERR.MNE.O0) GO TO 802

CALL ACCOND{C(1oIFNCMNy IDEBLY1»L190,0sIERR)
IF(IERR.ME.0) GO T0 802

CALL ACCNODC1sIFPNNOD,y IDES» 15,0 JERR)
IF(IERR.NE.O) GO TO 804

CoLl ACCELCC(1,IFNELC»IDES1»0,0sIERR)
IF(IERR.NF.Q) GO TO 807
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C
C

C

100
i

710

NOT e~

20

CALL ACCMAT(1»IFNMAT»IDESs150,0»)ERR)
IF(IERR.NE.C) GO TO 808
CALL ACCEFR(1sIFPNEFR»IDES»1+0,0,IERR)
IF(IERR.NE.O) GO TO 809

LOOF THROUGH THE HBUFFERS TO GFT STRESSESy STRAINS shOMENSS-LETC,
D0 100 I=1sNELM

GET ELEMENT DESCRIFTORS

CALL ACCELM(2s1FNEI.My I IREF,IFEDy 1ERR)
IF(IERR'NE.O) GO TO 800

IF(NT.GT.1) 6O TO 720
BERANCH TQ THE AFFROFRIATE ELEMENI TYHE
IF(ITYFJEQ.11) CALL DISF11C(NI»TIsLisLsYL1)

IFCITYF.EQ.S)  CaALL DISFOS(NIsIsL1sL2y])L1)
IFCITYP.EQ.16) CALL DPF16(NIMeIsL1sL2yIL1)

SDOFSIT = SIFSITHDFSIT(I)

SDFSIE = SOFSIE+DFSIE(I)

SUFSIH = SDFSIHYBFSIH(I)

SIFSTR = SDHFSTR4IFSITR(I)
CONTIMUE

WKITE(10y859)
D0 710 [=1,NELM

WRITE(10:857) JyIPSIT(I)»DFSIKCI)»DI*SIH(1) yIFSITECD)
WRITE(10s861) SNFSITySIFSIE,SDIMSIHs SIFSIR

84

CALCULATE FSI(ER) - ORIGINAL DISFL AT NODE WHERF AlNJr LOADN AFFLIED

FRINT %» <

PRINT % ‘ENTER NODE NUHMBER WHERE ADJY1 LOADN 1S AFHLIED’
READ(S1004) NEXT

LDIR = 3

GET INTERNAL NODE NUMEBER
CALL ACCNODC(2y IFNNOD» NEXT s 2y BATNy IERR)
IFCIERR.NE.O) GO TO 806
NINT = DATN(4)
GET DISFLACEMENT AT NOLDE
CALL ACCCND(2y IFNCNLNINT 9 IREFs IL1yCFRUF sLFNy 1ERR)
IF(IEFR.NE.O) GO TO 802
IS = CFRUF(LDIR)
FSIB(NT) = -DIS

UWRITE(10,858) FSIE(NT)
FRINT 858y FSIE(NT)

IF(NT.EQ.1)> GO TO 730
WRITE(10r%)




NOCoOoo

30

a02

805

806

807

308

809

20

[y R Relw

Qo6
857
©3o8
859

861
862
6870
871
872
875
876
e’z
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WRITE(10s856) NEXT

CLEAN-UF EVERYTHING

CaLL ACCELMCAyIFNEILM»0,0+,0IERR)
IF(IERR.NE.C) GO TO 800

LALL ACCFES(AyIFNFESs»0»0,0,050,IERR)
IF(IERR.NE.O) GO 7O 801

CALL ACCCNDN(4,IFMCNII+0+0+05050yIERR)
IF(IERR.ME.O0) GO TO 802

IF(NT.GT.1) GO TO 750

CALL ACCLCS(4,IFNLCS»0+0,0rIERR)
IFC(IERR.NE.O) GO TO 809

CALL ACCNOII(4,IFNNODY Q2 0y 0Oy 1ERR)
IF(IERR.NE,Q) 0 TO 806

CALL ACCELCC(A4yIFNEIC20+0,0,0,IERR)
IF(IERR.NE.O) GO TO 807

CALLL ACCHAT (4, IFNHMAT»0505050,1ERR)
IF(IERR.NE.O) GO TO 808

Cat.LL. ACCEFR(A,IFNEFRs0+0:0,0: IERR)
IF(IERR.NE.O0) GO TO 809

GO 10 820

WRITE ERROR MESSAGES TO THE SCREEM

PRINT 270y IERR
GO 70 820
FRINT 871 IERR
GO 7O 820
PRINT 872y IERR
60 TO 820
FRINI 875, IERR
GO 70 820
FRINT 877, IERR
GO 70 820
FRINT 878: IERR
GO TO0 820
FRINT 879y IERR
G0 TO 820
PRINT 876y IERR
GO T0 820

CONTINUE

FORMAT (11X “XKXADJOINSF LOAD IS AFFLIED AT NODE‘s14)
FORMAT(I39AXr4(EL16.894X))

FORMAT (1X» “FSIB=/sE16.8)
FORMAT(1Xs /91Xy ‘EN’ 96Xy “SENSITIVITY T/ »7Xs ‘SENSITIVITY R'»
¥7Xy *SENSITIVITY H/ 16Xy “SENSTIVITY TH’)
FORMAT(1Xs /21Xy ‘TOTAL=",4(F16.854X))
FORMAT (1Xy “ELEMENT “914)

FORMAT (1Xy “ACCELM RETURNED WITH ERROR ‘s14)
FORMAT(1Xs “ACCFES REFURNED WITH ERROR “r24)
FORMAT (1Xy “ACCCHNL RETURNED WITH ERROR ‘»,I4)
FORMAT(1Xy ACCLLCS RETURNEL WITH ERROKR “s04)
FORMAT(1Xy "ACCEFR RETURNED WITH ERROR “»14)
FORMAT(1Xy “ACCNOD RETURNED WITH ERROR ‘rI14)



378
a79
1004
2000

C
[N

FORHAT (1Xy - ALCELC
FORMAT (1Xy " ALCHMAT
FORMAT(I4)
FORHAT (A)

RETURN
END

RETURNERN WITH ERROR
RETURNED WITH ERROR

‘v14)
‘r14)
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SUBROUTINE DISFOS(NfsyIsL1sl 2511.1)
qﬁ***************tt******************X**************#*t*t**t***
t;: DISFOS! CALCULATES THE DISFL. DESIGN SENSITIVITY O A REAM
g;:*#************X*********X*********#**t***«*****t**********#*
E;: DESCRIFTION!

Crx

CFx% ‘DISFOS” CALCULATES THr DISPLACEMEMT CONSTRAINT DESIGN
CF¥ SENSITIVITY OF A 1~ BEAM IN BENDINGs WITH AN AFFLIFD
CPY ELEMENT FORCE IN #/JN. SFLF WEIGHT 1S NEGLECTED.

CFx TORSION IS ACTIVE.

CFPX

M 232222282280 82 2030 23333 0¢3 3282033333328 33333 33808202 232¢308
CFX%

CFX NT COUNTER FOR FIMITE DIFFERENCE

CF« I EXTERNAL ELEMENI MO. REING FRUCESSED
CFx L1 ORIGINAL EXTERNAL LOAD CASE N0,

Crx L2 EXTERNAL ADJOINT LOAIt CASE NO.

CFx IL1 INTERNAL LOALl CASE NO. OF ORIGINAL LOAD
CF¥

EFXO0EFXOORF X XK KOF KK IORIOI000KOK KKK KK KK KK 30K 30K 0K 0K XOK010KKOK 3OKI0K K 0Kk X0k X
c

INCLUNE ‘LCAEGSDR.INCI IMrL1IC.SFC’

INCLUDE ‘CAEGSDR.INCD) ACCIPN.MON’

INCLUDE "CAEGSDR.INCI CNTL .MON’

INCLUDE ‘CAEGSDR.INC] ELEDES. MON’

INCLUDE ‘CAEGSDR.INCI SVECTR.MON

COMMON/LCSIES/DVLES(90)

EQUIVALENCE (MLAT(34) s IF)y (NNAT(Y8)s1NEL)

DIMENSION X(3) s Y(3)»ZCA)»IISHHF (12) s DATN(SO) s BUF(100)
SHFF (12)sCFRUF (L) 2 GPLW(3 Y rALD( 2, 8) sy CL(254) s WIW(3)
CLEs2) (b2 )rT(3sT)sTR(G696) s LDL(2:6) 1 ALDL(256)
COOR(3,3)

I I

DATA  GRLW/=-.774596679 00000000 ,/74%96467/
ATA WTW/ L 55535535596 . 88B0BBRBY sy .S5553506/
DATA KT/ 3/ IREF/1/9KFT/1/

DFSIBG = 0.0
DFSIHG = 0.0
IF(1.6T.1) GO TO 50
[
C FREQUEST AFFLIED FORCE IN LOAD/LENGTH
c
FRINT %o/
FRINT %y ‘ENTER AFPFLIED LOAD IN EFORCE/LENGTHY’
READ(S,1001) AF
o
GET AREA MOMENT 01" INERTIA ABOUSf Y-AXIS
C
50 CALL ACCEFR(2yIFHEFRy1FTAR»OrBUFsLENs IERR)
IF(IERR.NE.O) GO TO 809
YI = BUF(5)

H = 2XRUF(9)
B = 2%XRUF(10)
BEH{(NT) = H
BW(NI) = R
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C GET WEIGHT DENSITY AMD MODULUS OF ELASTICITY

CALL ACCHMAT (29 IFNHMATyNMAT s MFT» BUF »LEN, IERR)
IF(IERR.MNE,0) GO TO 808

GAMHA = 0.0D0

E BUF (5

Y EUF (7)

G E/(2,D00%(1,1104V))

e

IF(I.G6T.1) GO TO &0

GET INTERNAL LOADI CASE NUMEER FOR ORIGINAL LOAL

00O 0

o CALL ACCLCS(1»1FNLCSy IDEL»1,0rIERR)
IF(IERR.NE.QO) GO TO 805
CALL ACCLECS(2yIFNLCS»L152yDLCS»IERRD
IF(IERR.NELO) GO TO 805
1Lt = M.CS(21)

c GET DISFLACEMENIS AT ELEMENT ENDS

CALL ACCCMD(1y IFNCNIy IDBLs 1L 190y Oy 1ERR)
IF(IERR.NE.O) (O TO 802
[0 70 J=1sNUNFE
CALL ACCONUC(2y IFNCNLy INTNNC(J) # 1, IL1CFRUL»LENs IFRR)
IF(IERR.NE.O) GO TO 802
D0 70 K=1,sNUOF
CO(J:K) = CFRUF(N)
70 CONTINUE
C
. GET INTERNAL LOAD CASE Nutivek FOR ADJOINT LOAD
c
CALL ACCLCS(1sIFNLCSyIDEL 150 IERR)
IF(IERR.HE.O0) GO 7O 805
CALL ACCLCS(2yIFNLCS,L2,2yDLLSy IERR)
IF(IERR.NE.O) GO TO 80u
ILCN = DLES(21)
C
C GET DISFLACEMENTS AT EILEMENI ENDS FOR ADJOINT LUAD
C .
CALL ACCCNI(1, IFNCMNNs INBL 1L 250909 IERR)
IF(IERR.NE.,O) GO TQ 802
D0 100 J=1,NUNFE
CALL ACCCND(2y IFNCNID ININNC(J) 21 s TLCNsCFRUF s LENs IERR)
IFCIERR.NELO)Y GO TO 802
00 100 K=1,NDOOF
ALDC(JIK) = CFRUF (K)
100 CONTINUE
C
(R3S 022 5232230320002 2300022023800233323333¢2233232223208523 ¢
C EVALUATE DISFLS. AND CURVATURE AT THE GAUSS FOINT USING
€ SHAFE FUNCTIONS - ONE FT. FOR CURV,» THREE FT. FOR DISFL
(2832 2AS30 222520032305 28302223223 83333033333 233238332233 31

C GET X» Yy AN Z OF ELEMENY NOLDES
C
CAlLL ACCELC(2sIFNEI.CyKINT»IREF s BUV s LENy IERR)
IF(JERR.NE.O)Y GO T0 807
M =1
Do 200 J=1+953
K o= Jit




200

FORM

[l p R

[
(8]
<

230

T 0%

X(H)
Y (M)
Z(M) =
M = Hil
CONTINUE
D0 210 J=1,3

EUF ()
EBUF (K)
B

L o= J42
= BUF (L)

COOR(1sJ) = X(J)

COOR(2+J) = Y(J)

COOR(3sJ) = Z(D)
CONTINUE

THE ELEMENT LUCAL COURDINATE SYSTEM FOR D1SFLACEMENIS

IN3 = INIFNN(3)
CAlLL EUBRTMC(INI BETACOURs 1 » YERR)
CALL ZEROSF(THy36XIF)
0o 220 J=1,3
N0 220 K=1,3
TRCJIWK) = T(IIK)
TR(J+3sK+3) = T(JyK)
CONTINUE
CALL UMXABRT(TEsCDICr69294)
Do 230 J=1,2
DO 230 K=1y6
COL(I»K) = C(Ks )
COMTINUE
CALL UMXABRTC(IHsALNs 11y b92926)
Do 232 J=1.,2
DO 232 K=1y4
ALDLC(J»K) = I(Ked)
CONTINUE

CALCULATE ELEMENI LENGTH

DX = X(2)-X(1)
Dy = Y(2)-Y(1)
DZ = Z(2)-Z(1)
EL = DSQRT (DXXDX+DYXDY+DZHDZ)

C CHANGE LOCAL Y-ROTAMIION FROM FOSITIVE TO NEGATIVE

C BEAM

10

46

Qoo

oo

LIES ALONG X GLUBAL AXIS

IF(DX.LT+0.,001 . AND. DX, 6T.~0.001) (O TO 2146
N0 240 J=1sNUNFE

COL(J»S) = =CIL( S+ 3)

ALDL(Ir5) = ~ALDL(Jy5)
CONTINUE

F = ~4F - GAMMAXEXH

CALCULATE THE TWISTING ANGLFS

WXY = DABRSC(CDL(2,4)-CIL(1,4))/EL)
AWXY = DARSC(ALDL(254)-ALDLC(154))/EL)

EVALUATE SHAFE FUNCTIUNS FOR DISFL. - THREE FOUINI

R2 = BXE
B3 = R2xB
B4 = BIKE

IF

RUADRATURE
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o0on

WBOoOGC

02

807
608

309

840

3464

172
87%

HKH
H2%H

H2

00 300 h=1,3
FSI = GPLW(K)
CALL EU3DSE(FSYsSHPFsDOSHFF»2,EL)
W = (SHFF(3)XCM_(1s3)+SHFF(SIXCDL(19S)4SHFF (9%

* COL(2+y3)+4SHFF(11)XCDL (29 3))
AW = (SHFF(3)¥ALTIL (15 3)+SHFF (S)XALDL(1s5) +SHFF (9) X

* ALDL (2 3)+SHFF (11 XALML (2, 5))

EVALUATE SHAFE FUNCTIONS FOR CURV. - THREE FOINT QUADRATURE

WXX = (DDSHFF(3)XCDL(1,3)4NDSHPF (S ¥CDL(1:,5) 4

X DOSHFF (9)¥CDL(2y 3)4DISHFF (11)XCOL (25 5))
AWXX = (DDSHFF (3)¥ALDL (1, 3)+MDSHEF (S)XALDL(195) ¢

X DOSHFF (9)XALDL (29 3)+NDSHEFC1L)XALDL (2, 5) )

CALCULATE SENSITIVITY VECTORS

FJER = H3/3.00-,42N10%EBX (H24+B4/ (4, D0XH2))
FUH = BXH2-.4200%E2% (H-R4/(12.DOXHI))
DFSIEG = DPSIBGH (-GAMMAXHYAW-(EXHA/12) XANXXXWXX~
¥ FIEXGRUXYFAWXY )XW IWCK) X (EL/2.D00)
DFSIHG = DFSIHGH (-GAMMAXEXKAW- (T¥EXBXHL/12) XAXXKWX X~
¥ PUHEGKWXYXAWXY ) ¥WIW(K) X (EI./2.10)
CONTINUE
DFSIB(I) = DFSIRG
DFSIH(I) = DFSIHG
GO 10 820

WRITE ERROR MESSAGES TO THE SCREEN

FRINT 872y IERR
GO0 TO B20
FRINT 873+ IERR
GO 10 820
FRINT 878, IERR
GO TO 820
FRINT 879, IERR
GO TO 820
FRINT 8746+ IERR
GO TO 820

CONTINUE

FORMAT(/»1Xy ‘BEAM WIDTH B=/,F8.5y2Xy "RFAM DLFTH=/F8.5,2X
Xy 'E="sEQ T+ 2Xs "IYYS/ yEQ 322X,y " CAMMA=’ +F 6. S 2X s “AFFLIED
¥FORCE="yFB8.5)

FORMAT(1Xy “NODE=" s I2¢s2Xs "X=' eE12.592X» ' Y='+E12,5y2Xs " 2="
XEL12.S592Xy ‘RX=/E12.59 2%y ‘RY=/,F10,592Ys ‘RZ="4E12.,5)

FORMAT (1Xs ‘GF=/sI2sA4AXs U=’ 2411, 54X ‘WXX="sE11,554Xy "AW="
¥E11.594Xy ‘AUXX="»EL11.5)

FORMAT(LX s “NODE=" 2129 2X s “AX =/ 412,59 2X s ‘AY="+E12.59 24Xy
¥ AZ= s E12.592Xs ‘ARX="yEL12. %5y 22Xy "ARY = yE12.5, 2%y ‘ARZ="y
YE12.5)

FORMAT (11X TACCCND RETURNED WITH ERROR ‘yX4)

FORMAT(1Xs “ACCLCS RETUKNEDN WITH ERROR ‘»14)

C-o

14
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FORMAT(1X» ‘ACCEFR REVURNEN WITH ERROR “,I4)
FORMAT (1Xy ‘ACCELC RETURNEN WITH ERKOR ‘y14)
FORMAT(1X» "ALUMAT RETURNED WITH ERROR ‘»X4)
FORMAT(EL12.5)

RETURN
END



SUBROUTINE DISF1

TCNTy Lyl 2,IL1)

NS 22322833 233338328 233330333233¢032232¢32 3338203303222 022 0020822224

CFx
CF¥
CFx

DISF11: CLACULATES THE DRISFL. SENSIT,

FUR FLANE STRESS

N 332222 3233 FT7E233333 3332383333023 3333083283 2020033 022328238

CFPx
CFX
CPx
CE¥
CFP¥
LFx
CP*

DESCRIFTION?

‘0ISF11° CALCULATES THE DISHLACEMEMI (CUNSTRAINT DESIGN
SENSITIVITY FOR THE FOUR ANN ELGHY NODE FLANE
ELEMENT WITH TRACTION, SFLF WEIGHT NOT INCLULED.

STRESS

NSRS 2E2e33 353230220203 202080008328 08220303F 2230032323238 20038080088

CF%
CF¥
CFr¥
CP¥
CFXx
CFX
CF¥

r

lo Mw i

NT COUNTER FUOR FIMITE DIFFERENCE

I EXTERNAL ELEMENET NO. RFING FROLCESSED

L1 ORIGIMAL EXTERNAL LDAD CASE NO.

L2 EXTERNAL ADJOIMC L UAD CASE MNO.

Lt ORIGIMAL IMTERNAL LOAD CASE NO. KRETURNED

INCLUDIE ‘CAEGEDR.INCI IMFLIC.SFC”
INCLUDE ‘LAEGSDR.INCI ACCIFM.MDN’
INCLUDE ‘CAEGSIRINCI CNTL.MON’
INCLUDE “CAEGSDR.INC}H ELEDES.MON’
INCLUDE ‘CAEGSDR.INCI SVIICTR.MOM’
COMMON/LCSDES/ZDPLCS(90)

EQUIVALENCE (MHNAT(P8) ¢ 1DKL)

T0 DISF.FOR

CF R0 RO R 0 S0k OOIOOR OO F R ook ook R F ko ok ok oo g«

DIMENSION SHEF(8) sGFL(Lr4) yBUF (100) s X(8)sY(B)1Z(8)>
% DATN(I0) s FSYR(2) s SHUF (50) » BEHFGX () s DSHFGY (8)
* DSHFL(298) s SIGHA(654) yEFSLMNCEs4) rHF (4748),SE(300)

DATA  GFL/72%-,57725027 .57735027y—,

* Q¥ B77350027 9y~ 57735027
DATA  KT/3/9IREF/3/7MHT/71/

JJ = L1

GET INTERNAL LOAD CASE MUMRKEKR

G/735027
W 577350277

CALL ACCLCS(1s)JFMNI.CSyIDEL+190s1ERR)

IFC(IERR.NE.O)

GO TO 805

CALL ACCLCS (29 IFNLCS» JJs 2y LL Sy IERK)

IFCIERR . NE . O)
ILCN = DLCS(21

:0 TO BOS
)

SETUF FOINTER FOR STRESS-STRAIN BUFFER

CALL ACCFESC(1sIPNFESs»JNEL 91 ILCNYO» Oy IERR)

IF (IERR.MNE.0)
IFCJJ.EQ.LT)
SE(I) = 0.0

GO 7O 801
1L1 = ILCN

GET ELEMENT STRESSES AND STRAINS

CALL ACCFES(25IFNFES,KINIsIREFyILCNsSRUF»LENy LERK)

IFCIERR.NE.O)

GOTQ w01
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LOC = LEN - 1
M =1

IF (JJ.EQ.LZ?) 60 TO S5
N0 SO0 K=1sHSVAL
SIGMA(1yK) = SERUF (M)
SIGHMA(2,K) = SRUF(H+1)
SIGMA(YsK) = SRUF (M43)
M = M+4
50 CONTINUE
GO T3 65
i) M =17
0 60 K=1sNSVAL
EFSLN(1,yK) = SBUF (M)
EFSLN(2sK) = SBUF (M+1)
EFSLN(3sK) = SRUF (M+3)
M o= Hi4
60 CONTIMNUE
34 IF (JJ.EQ.LZY GO TO 100
JIo= L2
GO0 10 10
C
€ GET X AND Y FOR JACOEIAN EVALUATION
c
100 CALL ACCELC(2sIFNELC,KINf s TREF s RUF yLENEs IERR)
IFC(IERR.NE.0) GO TO 807
M=1
DO 200 L=1sLENR,3
X(M) = BUF (L)
Y(M) = BUF(L+1)
Z(M) = BUF(L+2)
M = M+l
200 CONTINUE
c
€ CALCULATE FORCES AT THE GAUSS FOINTS
c
PO 250 L=1,sNDOF
DO 250 K=1sNSVAL
BF(KsL) = 0.0
250 CONTINUE
C

v
-

-

.

—

DO 300 K=1yNSVAL
FSI = GFL(1,K)
ETa = GFL(2»K)

noOo

IFCISTYF,.EQ.2)
IFCISTYF.EQ. 4)
IF(IERRNL.O)

300 CONTINUE
D0 340 J=1:NSIG

DO 340 K=1,NSUAL

SECI) = SE(I)
340 CONTINUE
>

C LOOF OVER THE GAUSS FOINTS

EVALUATE SHAFE FUNCTIONS AT THE GAUSS FUIMTIS

CALL EUSDLQ(FSIsETAsK My SHFF s NSHEL »
DSHFGX s DSHFGY » LETJr X» Y2 JERR)
CALL EU2DFQ(FSIETA» Ky SHFF s NSHEL y
DSHEGX» HSHFGY » UFTJe Xy Yy IERR)

COTO 80y

+ SIGHMA(JYK)XEFSLNC I KIXDNETY

¢ CALCULATE SENSITIVITY VECTOR

C
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DPSIT(I) = - SE(I)
700 CONTINUE

C
GO 7O 820
C WRITE ERROR MESSAGES TO THE SCREEN
C
801 FRINT 871, IERR
GO TO 820
805 FRINT 875, IERR
G0 70 820
307 FRINT 878» IERR
GO TO 820
309 FRINT 876, IERR
GO 70 820
c
c
820 CONT INUE
C
C
854 FORMAT(1X,I2,2Xr3(E16.852X))
355 FORMAT(1Xy ‘GF s 5X» ‘SIGHAX(GF) ‘ »8Xs *SIGMAY(GF) ’ 18Xy

*XSIGHAXY(GF) ’)
8460 FORMAT(1X s "CF/ 35Xy "EFSLNX(GF) “ 98Xy 'EFSLNY (GF) 728Xy
X EFSLNXY(GF) ’)
871 FORMAT(1X,» “ACCFES RETURNKL WITH ERROR
875 FORMAT(1Xs “ACCLCS RETUKNFD WITH ERROR “,I4)
876 FORMAT (1Xy ‘FURIFQ RETURNED WITH ERROR ¢
@78 FORMAT (1Xy ACCELC RETURNEDR WITH ERROR *

RETURN
END
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SUBROUTINE DF16C(NT1»L1,L2,IL1)
CFH% H XK 30K NOKR KK KRR KOOI KKK K KKK KKK KOO KO XOR KR X K KX
égt CF14: BRANCHES TO THE AFFROFPRIATF ELEMENT SUBTYFE
SE:**!*******!*#****#**#***************t****#’**#**#*****tt****
é;: NESCRIFTION?

CP¥ :

X% ‘CFl1é&6‘ RRANCHES TO THE AFFRUFRIATE ELEMENT SURTYFE

CFY¥ TO CALCULATE THE DISFLACEMEN) JIESIGN SENSITIVITY OF
CF¥ THE FLATE BENDING ELEMENID 16,

CFX NOTE: THIS DOES NOT TAKE INTO ACCOUNT AMY MEMHRAMNE

CF¥ STIFFNESS.,

CFX

CF o RKOIOK KKK KK KKK 130K KOK OKK KK KK 0K X HOKOKO K KIOK K OO O KRR Rk K K

CFx NT COUNTER FOR FIMITE DIFFERENCE

CFx 1 EXTERNAL ELFMENI MO, EEFING FROCESSED

CFx L1 ORIGINAL FXTERNAL LOAD CASE NO.

CFx L2 EXTERNAL ADJOIMI LOAD CASE NO.

CF¥ It ORIGINAL INTERNAL LOAD CASE NO. -~ RETURMNED VALUE
CF¥

MRS 5822 283283320 2280323432 00230033 23308043200 203283 200080808
INCLUDE ‘CAEGSDR.INC]I IMFLIC,S8FC’
INCLUDE ‘[AEGSDR.INC]I FLEDES,HON
INCLULE ‘CAEGSDR.INCI SVECTR.HMON”

€

UXx¥ BRANCH TO THE AFFROFRIATE ELEMENT SURTYFE

c
IFCISTYP.ER.1) CALL DF1&601(NTsIsL1sL2sILY)
IFCISTYF.EQ.2) CALL DF1602(NTsIsL1sL2y1L1)

RETURN
END




SUBROUTINE DF14601(NFslrLdvl.2r201)
CF RO A KORIOK KR KK IOKKKKOKOKCKOR KKK 0K SO R KORKIOK IO KOK KO IKOK 0K KKK OF X k0K
CFx
CFX DF1601¢ CALCULATES THE DISFLACEMENT CONSTRAINT DESIGN
CrY

CF RO XOK KKK KKK IOK X K0k 30K K 10K K K EKR KOO0 K SO0 KR XK KK
CFx

CF% DESCRIFTIONS

CPx

CF¥ ‘OIF1601° CALCULATES THE INSFLACEMENT CONSTRAINT DESIGN
CF¥ SEMSITIVITY VECTOR FOR A TRIANGULAR FLATE EBENLING

CPx ELEMENT.,

CF¥

NSRS ITEATILTTELPT 233322333223 20 832822233023 2208220 208288
CFk

CF ¥t NT COUNTER FOR FINITE J11FFERENCE

CF* I EXTERNAL ELEMENT NO. BEING FRUOCESSEN

CFr¥ L1 ORIGINAL EXTERNAL LOAD CASE NO.

CF¥ L2 EXTERNAL ALUOINSG LDADN CASE MO,

CE¥ IL1 ORIGINAL INTERNAL LOAD CASE NO. - RETURNEDN VALUE
CF¥

N R S E22 2283388282233 3882323833323333333833 33332333328 2332¢ 227
INCLUVE ‘LAEGSDR.INCI IMFLIC.SFC’
IMCLUI'E ‘CAEGSDR.INCJ ALCLFM.MON’
INCLUDE ‘CAEGSDR., INC] CNTL.HMON’
INCLUDE ‘[CAEGSIR.INCJ ELFDES.MON’
INCLUDE ‘CAEGSDR. INCI SUECTR.HONY
COMHON/LCSDES/NLLS(90)

EQUIVALENCE (NIIAT(Y8)»IDEL)

DIMENSION SIGMA(S) rEFSLN(S) s SBUF (100) s RUF (i 00) »yCFE(T00) y
X X(3)rY(3)2Z(3)

ATA  KT/3/:IREF/1/

JJ = L1
CFE(I) = 0.0
C
Ck¥k GET INTERNAL LOAD' CASE MUMEER
C
10 CALL ACCLCS(1,)JFMLLCS»IDEBLs150s1ERR)
IF(IERR.NE.O) GO TO &OG
CALL ACCLCS(2,IFNLCSyJ)s2,DLCSy IERR)
IF(IERR.NE.0) GO 70 805
ILCN = DLCS(21)
C
C¥i¥ GET FROFERTIES
™
CatL ACCEFR(2yIFNEFRs IFTAR,O»BUF yLEMs JIERR)
IF(IERR.NE.CQ) GO TO §09
FR(NT) = BUF(23)
¥
Cx¥%x SETUF FPOINTER FOR STRESS-STRAIN BUFFER
C
CALL ACCFES(1,IFNFESyIDRL i »XLUN? Oy Oy 1ERR)
IF (IERR.NIF.0) (O TO 8901
IF(JJ.EQ.L1) IL1 = ILCN
C
Cxxx GET ELEMEN) SIRESSES AN STRAINS
c
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CALL ACCFES(2yIFNFFES/KIMNT»XRFF s ILCN» SEUFsLENy IERR)
IFC(IERR.NE.O) GOTO 801
IF (JJ.EQ.L2) GO TO S5
00 S0 K=s1rHNNOF
SIGMA(K) = SEUF(K)

50 CONTINUE
GO TO 65
5% M =7

00 60 K=1,NIOF
EFSLN(K) = SRUF (M)

M = H+l
60 CONTINUE
&5 IF (JJ.EQ.L2Y GO T0 100
JJ = L2
60 70 10
C
Cxx¥ GET THE JACORIAN
«
100 CALL ACCELC(2yIFNELCKINT s IREF» RUF y LENRy IERR)
IF(IERR.NE.O) 60 TO 807
H =1
Do 200 J=1,;LENK,3
K = J+1
LL = J4+2
X(M) = BUF({J)
Y(H) = BUF(K)
Z(M) = BUF(LL)
M = M+l

?00 CONIINUE
ﬁ DETJY = EUTRIA(X:Y)
E*** CALCULATE SENS11JVITY VECTOR
- Do 3490 J=1,3
CPECI) = CFECL) + SIGHMAC(IIXEFSLN(JIXDETJ

240 CONTINUE
DFSITR(I) = -CFE(I)

C

GO T0 820
C
C¥xx WRITE ERROR MESSAGLES Tu THE SCREEN
c
801 FRINT 871y IERR

GO 70 820
#0595 FRINT 875y IERR

GO 70 820
307 FRINT 878y IERR

GO T0 820
309 FPRINI 879, IERR

GO TO 820

C

820 CONTINUE

™

854 FORMAT(1X»I292Xr3(E16.822X))

159 FORMAT(1Xy ‘GF’ 25X *SIGMAX(GF) 18Xy 'SIGMAY (GF) ‘98X
¥ SIGMAXY (GF) )

8460 FORMAT (11X "GF 7 93Xy “EFSLNXC(GF) 7 18X "EFSLNY (GF) “ »8X»
¥ EFSLNXY(GF) )

871 FORMAT(1Xs “ACCFES RE FURNEDN WITH ERROR “+14)

875 FORMAT(1Xy ‘ACCLECS RETURNED UITH ERKUR ‘,14)



878
879

FORMAT(1X» “ACCELL RETURNED WITH ERKOR “»14)
FORMAT(1X» ‘ACCEFR RETURNED WITH ERROR ‘,14)

RETURN
END

98



99

SURROUTINE DF1602(NfsY»l.31502y X0 1)

CP LI KKK ORI OO0 KORR RO K KKK KOO OR KKK KOKKOOK KK KKK

CFx
CFx
CF¥

DF1602¢ CALCULATES THE DISFLACEMENT CONSTRAINI DESIGN

(M0 333332333330 2020220223283 2233233330833 8330222302220 2332380822828:

CFx
CPx
CFx
CFx
CFx
CF¥
CFx

DESCRIFTION!?
‘DF1602° CALCULATES THe. DISPLACEMEN( CONSTRAINT DESIGN
SENSITIVITY VECTOR FOR A FOUR NODE FLATE RENDING
ELEMENT.,

CFHORFROERFORKCE K R KKK HOROK ¥ K Ok KKK K IOF K KOKK KKK KKK XOIO0K ¥ KKK K KOk X K K

CFx
CFX
CFx
CFx
CFx
CFx
CPx

Nf COUNTER FOR FINITE DItFERENCE

I EXTERNAL FLFHMENT NO. BEING FRUCESSELD

L1 ORIGINAL EXTERNAL LOAD CASE NOD.

L2 EXTERNAL ADJOINI LOADN CASE MO,

It ORIGINAL IMIERNAL LLOAD CASE MO. - RETURNED VA! UE

(MR 2332002820202 020030222238 80 2023300008 2220000 aRstRRatR

c

C

C

INCLURE “CAEGSDR.INCI IMPLIC.SFC*
INCLUDE “L[AEGSDR.INC]I ACCIFN.MON‘
INCLUDE ‘CAEGSDR.INCI CHIL.HON’
INCLUDE ‘LCAEGSDR.INCI ELRELFS, MW
INCLUDE ‘LCAEGSDR.INCY SYECTR.HOM’
COHMMON/LCSDES/DLLCS(70)

EQUIVALENCE (MDAT(98)IDEL)

DIMENSION SIGMA(614)EFSLN(S94) s SBUK (10D) »BUF(100)sCFE(N00)
X X(4) s Y(A) 2 L(4)

DATA KT/78/9IREF/1L/

JJ = L1
CFE(I) = 0,0

C¥kx¥ GET FROFERTIES

CALL ACCEFR(2,IFNEFRy IFTAR, Oy RUFsLENs IFRF)
IF(IERR.NE,O) GO TO €09
FRB(NT) = BUF(2%)

Cxkkx GET INTERNAL LOAD CASE MNUMBER

C
10

(W

CALL ACCLCS(1,1FMILCS, IDEL»1+0sIERR)
IF(IERR.NE.O) GO TO 805

CALL ACCLCS(2,IFNLCSy JJ«21LCSy1ERR)
IF(IERR.NELO) G5O TU 805

ILCN = DLCS(21)

Cx¥x SETUF FOINTER FOR STRESS-STRAIN EUFFER

c

c

CALL ACCFES(1s1FNFESy IDBL»1sILCMyO0+C» IERR)
IF (IERR.,NE.Q) GO TO 801
IF(JJ.EQ.L1) IL1 = [LUN

Cxkx GET ELEMENT STRESSES AND STRAINS

c



CALL ACCFES(2sIFNFES,KIMI »IREFy 1L UMy SEUF s LEN TERR)
IF(IERR.NE. Q) GOTO £01
M =1
IF (JJ.EQ.L?) GO TO S5
00 S0 K=1,N3Val
J = H+1l
L = M+2
SIGHA(1sK)
SIGMA(2,K)
SIGMAC(3YKN)
M = Mté
50 CONTINUE
GO TO 63
M = 25
[0 60 K=1sNSVAL
J = Mt
L = M¥2
EFSLN(1,K)
EFSLN(25K)
EFSLN(3sK)
H = M+é
60 CONTINUE
A5 IF (JJLEQ.LYY GO TO 100
JJ = L2
GO TO 10

SHUF (M)
SEUF (J)
SRUF (L)

)]
(4]

SHUF (M)
SRUF (J)
SEUF (L)

H I

c
C¥¥x GET THE JACORIAN
C
100 CALL ACCELC(2« [FNELCsNINTy IRER ) BUF »LENKy JFRK?
IFC(IERR,NE.O) GO TO 807
M=1
no 200 J=1,LENE,3
K = J+i
LL = J+2
X{M) RUF ()
Y (M) BUF (K)
Z(H) RUF (LL)
M = H+l
200 CONTINUE

nony

AREAR(X.Y)
DETJ/4.10

DETJ
DETJ

[}

C
C¥x¥x CALCULATE SENSITIVITY VECTOR
C
DO 340 J=1+3
0 240 K=1,NSVAL
CFPE(I) = CFE(I) + SIGMA(JSKIXEFSLMC(UI,KIXDETY

340 CONTINUE
DFSITR(I)Y = ~CFE(I)

C

60 7O 820
c
Cxxx WRITE ERROR MESSAGES T THE SCRREN
c
801 FRINT 871, IERR

GO 70 820
805 FRINY 875y IERR

GO TO 820

807 FRINT 878, IERR
GO 70 820
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PRINT 879, IERR
GO TO 820

CONTINUE

FORMATCIX»I292Xs3(R16,2y2X))

FORMAT (1Xy "GF ‘¢ 5X» ' SIGHAX(GF) 7 18Xy "SIGHAY (GF) 7 18X,

X SIGHAXY (GF) ")

FORMAT (1Xy “GF* »S5Xs ‘EFSLNX(GF) 7 s 8Xs ‘EFSLNY (LiF) 7 58X,

X/ EFSLNXY(GF) )

FORMAT(1Xs “ACCFES RETURNED
FORMAT(1Xy “ACCLCS RETURNEL
FORMAT(1Xy ‘ACCELC REVURNED
FORMAT (1Xs ‘ACCEFR RETUKNEN

RETURN
END

WITH FKRUR
WITH ERROR
WITH ERROR
WITH ERROR

‘e 14)
‘1Y4)
eV 8)
“v14)
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SURROUT INE EUSDOSB(FSI s SHFF s UDSHFF s KTEL)
CRERIOK A KA KR A8 XK KKK KK OKK OR300 KKK 30008 K KO X KoKk
CF¥
CFX EU3DSE! KEAM SHAFE FUNCTIONS
CF¥
CR ¥ 1 KRR R K08 K KOO R IO ORI IR Y ORIk ¥
CHX

CEPR PSI GAUSS FOINI LUCATION, THE CENTER OF THY BrAM
CP¥ IS ZERD.

CF¥X  SHFF STANUARD HEAM SHAFE FUNCTIONS - KETURMED VAl UL
CFX  DOSHFF SECONP DERIVAYIVE UF THY. SHAFE FUNCTIONS

CEX ~ RETURNEY UVALUL

CFx KT FLAG FOR RETURNING LDSHFF

CP¥ ' =1 OMLY RETURN SHFF

CFX =2 KETURN EOTH SHrF AN LDSHHF

CPX  EL ELEMEN) LENGTH

CFX

CF KKK K ROF KO K¥OKK KKK KKK K KOO 0K F SR KKK LR KKK
c
INCLUDE ‘CAEGSDR.INC1 IMFLIC,SFC’
c
DIMENSION SHHF(12) s DDSHFF (12)
c
EL2 = ELXEL
EL3 = EL2XEL
X = FSI + (EL/2)

o -
&

CALCULATE THE SHAFE FUNCTIONS

o

SHFF (1)
SHFF (2)
SHFF (3)
SHFF (4)
SHFF (3)
SHFF (&)
SHFF (7)
SHFF (8)
SHFF (9)
SHFF (10)
SHFF (11)
SHFF(12)

1-X/EL
I-(3¥X2/EL2) HA2AXIEL B
SHEF (2)
SHEF (1)
X—(2¥X2/EL) FOXZ/ELY)
SHEF(3)
X/EL
(ERX2/ELY (2% X3/EL3)
SHFF (8)
SHHF(7)
(-X2/EL)H(X3/7ELD)
SHFF(11)

IF(KT.EQ.1) GO TO %00

CALCULATE THE SECONI DERIVATIVE OF THr SHAFE FUNCTIONS

a0 c

DDSHFF (1)
DDSHFF (2)
IOSHFF (3)
DOSHFF (4)
DOSHFF¢S)
DOSHFF (&)
BOSHFF(7)
DOSHHF (8)
DDSHFF (9)
DDSHEF (10)
DDOSHFF (11)
DDSHFF(12)

0.000
(=46/7EL2)4(12%X/E1.3)
IDSHRF (2)
0.000
(~4/EL)+(E¥YX/EL2)Y
DOSHEF (%)
0.0D0
CE/7ELD )~ (12%X/7EL Q)
DLISHEF (8)

0.000
(=2/7EL) 4+ (&%X/ELD)
LUSHFF(11)

Wnannu

Houwou




200

CONTINUE

RETURN
END
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SUBRQUINE GETSEN(HSIEsNIsNELMs IFHAME)
CRRXRFAFRRNAOK Y KR AKX R R A £k e v 4
CFPx
(:F% GETSEN! BRANCHES TO THE AFFROFRIATE CONSTRAINY 1TYHE,

Chx

€ F 0K RROK KKK K KKK KOO KOK KR OK KKK R OR ¥ OEF R ¥ 000N £ 8 00RO ¥ R F ROk
CHx

CF¥ DESCRIFTION?

CFx

(CFX¥ ‘GETSEN’ HRANCHES TO THE AFPFROFR1ATE COMSTRAIN) TYFE.
CFx THE AVAILAEBLE CUNSTRAINY TYFES AkL?

CFPx COMF - COMPLIANCE

CFx DISF - DISPLACEMENY

CFx STRESS

CFx

(M3 2302233322232 2323333333302 22 3332330232222 R sll)
CF¥

CFx FSIE THE COMSTRAINT vALUE 185 RETURNED FUR FINITE
Chx DIFFERENCE EVALUATION

CFPx NT COUNTER Fuk THE FINITE DIFFERENCE

CFx NELM TOTAL HNUMHBER OF ELEMENTS IM FINITE ELEHENT
Chx MODEL ., THIS 18 WH IFAD BATA RASE, ANL 18
Ckx RETRIEVEL WHEN DATA BASE 15 UFENLD,

Chx IFNAME NAME OF FINITE ELEMENI ANALYSIS - CHARAGTER
CHx INTERGER CONVLERSIUN.

CFx

(M 2320282303023 0 8208200223330 222 S PNARRi s s iRssess:
c

INCLUNE CAEGSDR.INCI INFLIL,.SFC”

INCLUDE “LCAEGSDF.INC] ACUIFN,MON”

INCLULE “CAEGSDR.INCI CHIL .MONY

INCLUDRE ‘LAEGSDR.INCI ELEDES.MON

INCLUDRE “[CAEGSDR.INGD SVECTR.HUONY

C
COMMON /MEHARY/ IARRY (&£0000)
CHARACTER HANE¥S,A%4»B¥4
Cc
DIMENSION IFNAHE(2) s IDRFTR(A4) s JERDEV(2) o FSLB(L)
c
DATA ISIZE/60000/
C
NT = NT+1
c
50 CALL ACCFNO(7s IFNANE s 19(y Oy 1LRI)
IF(IERR.HELO) GO TO 800
C

C OFEN THE IFAD DATARASE
c

CALL INENTRCISIZE» IEKDEV, IFNAME» 1NRF TRy 3 1STAT)
IF C(ISTAT.NE,O0) GO TO 810

A = CHARCIFNAME (1))

B = CHARCIFNAMEC(Y))

NAME = A//k

C
£ BRANCH TO THE AFFROFPRIME CONSTRAINT ROUTINE
c

too IFCICT.EQ. 1)  CALL COMF(PEYRy NUyNELIMD
IFCICT.EQ.2) CALL DISF(FSIKReHT s Nkt i)
IFCICT.EQ.3) CALL STRESSCFSLEyNI s NELMy MADE)
GO0 T0 820




C WRITE ERROR MESSAGES 10 THE SCREEN
c

FRINT 875y IERR
GO 10 820
FRINf 87&4s IERR
GO TO 820

C CLOSE IFAD DATARASE

320
C

c
850
c
@00

©
-

CalL INEXITCIDEFTEy 1ERR)
IFCIERR.NELQ) GO TO 84O

GO TO 900
FRINVT 877y 1IERR

CONT INUE

C FORMAT STATEMLNTS

c
Q75
876
877
1000
1001
1004
c

C

C

FORMAT (1X» "ACCFNU RETURMNED WITH ERROR “r14)
FORMAT(1Xy ‘INENIR RETUKMED WITH ERROR ‘+14)
FORMAT (1Xs " INEXIT REVURNED WITH ERRUR ‘»714)
FORMAT (2A4)

FORMAT(F8,5)

FORMAT (A&)

RETURN
END
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SUBROUTIMNE LC18(XsYsZeXlo YL o ZL v TR)
(M3 2333232333330 8023230222030 00t ot nsssterIessntssy
85: LC1é6¢ TRANSFORMS GLOEAL COURN TO LOCAL COOFRD FOR “1601°
é:;********************#********#**k***t****t##***#7*#**#k*###
éE: DESCRIFTION?

CPx

CFX ‘LC16° TRANSFORMS THE TRIANGULAR (I UBAL COORDINATES
CPx OF ELEMENT 1601 TO LOCAI COORDNIMATES

Crx

(M3 2333033325303 3 3333323338022 0002 0000823024222 00 ettt
CFx¥

CFX X GLOBAL X COORDINATE

CFrx Y GLORAL ¥ COORDINATE

CFx z GLLORAL Z COORDINATE

CPx XL LOCAL X COORDIMNATE

CPx YL LOCAL. Y COORDINATE

CFx ZL LOCAL Z CGOORDINATE

CFX Tk TRANSFORMATION MATRIX

CFx

(M 2232228208002 28 Rt s st sese s st s sdsss s s es iyl
c

INCLUDE ‘CAEGSDR.INMCI IMFLIC.SFC/

INCLUDE ‘CAEGSDR.IMC) ACUIFN.MON'

INCLUDE ‘CAEGSDR, INCI ELEDES. MOM/

c
DIMENSIOM X(3)sY(2)pZ(3) s TR(S2 6P DNORL (39 3) s XL (25 YL(S)
X ZL(3) sLOOR (39 3)»V12(3D sV 13(3) eI R) e T2 3D

C
CHARACTER STYFEXA

C

DATA IREF/1/51ITYFESL/
C
Cx¥x INTIALIZE VARIABLES
C
C

D0 40 I=1.3

COORC1,I) = X(I)
COOR(2,1I) = Y(I)
COOR(391) = 241)

40 CONTINUE
C
Cx¥xx GET THE VECTORS FARALLEL 10 THE 1-2 ANU 1-3 SIDES
G
CALL UMVEC(COCR(1+1)yCOORCL,2) V12, [ERF)
CALL UMVECC(COOR(1¢1)sCOORCL»3)sVI3y IERE)

E OBRTAIN NORMAL. Vi2 X V13

% CALL UMVCRS(\12,V13,UNyQr IERR)

g OBTAIN LOCAL TRANSFORMATIUN MATRIX (712

: CALL EUTSCS(VUNs Ty IERR)

g OBTAIN THE NODAL TRANSFORMATIOM MATRIX AS AN ASSEMELFOGE OF [T)

DO S0 K=1,3
Do 50 J=1,3
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TR(JPK) = T(IshD)
TR(J+3IsKE3) = 1(J¥K)
S0 CONTINUE
C
C GET LOCAL COORDINATES
(™
CALL UMXATE(1sCOORYCOORL 3y 3y 3)
o 60 I=1.2

XL¢I) = COORL(1+I)
YLCI) = COORL(2:T)
ZL(I) = COORL(3»I)
60 CONTINUE
c
RETURN

END



SUBROUTINE SKRSTOHC1LCN)
(N33 TITFTELIS22222338322F22322 2200038033223 233323030 20280220 %8]

CFx%

CF¥ SRSTO0S: CALCULATES THE ADJOIN! LOAD FOR THE BEAM ELEMEN)
CFx

N8 3733832323233 2322338323032 22 02002 Rt isssssts )
CFx

CP¥ DESCRIFTION?

CFPx%

CFx% ‘SRSTOS" CALCULATES THE ANJOINT LOAD FOR BENDING

CFx STRESS IN A 1-DIMENSIONAL BEAM

CFPx% ELEMENT ANI' CREATFS A RESTART FILE S0 THAT A RESTART
CFPX OF THE FINITE EILEMEN) MOMEl CAN RE MADE. 1Hr

CFX RESULTING DISFPLACEMENIS CAN THrN BE USED TO CAl CULATE
CFx THE STRESS CONSTRALIMNI DESIGN SENSITIVITY,

CPYX¥xx THIS ROUTINE ONLY WORKS Fuit BEAMS LYING IN THE

CFx X-GLORAL OR T-GLOBAL FLANF,

CF¥

N3 2293335222003 0030300842203 0220 02280 2828200002
CFx

CF% ILCN INTERNAL LOAD CASE NO. OF ORIGINAL 1 0OAD

CFx

CPRKRERAF KKK ERK AR KRR KR AKX OO OON K KR F PP KRR Rk e X
c

INCLUDE ‘CAEGSDR.INCI IMFLIC.&F(C”

INCLUDE ‘LCAEGSDR.INC]I ACCIFN,HON

INCLUDE ‘TAEGSDR.IMCI CMTL.MON

INCLUIE ‘TAEGSDR.INCY ELEDES. HON‘

INCLUDE ‘LCAEGSDR.INC]I SVECTR.MON”

c
DIMENSION X(2)yY(2)Z(2) yDNSHFE (1) s DATN(SO) s RUF (100)
X SHFF(12) yCFBUF (&) s GRLW () y AL GF (12, CDC25 6y WIW(3) y
X IDIR(2)Y AL (1)
C
DATAH GFLW/~,77459644924148300y O0D0y
X ¢ 774596669241483N0/
DATA WIW/ ,SS5555555555555610, ,1:3R888838888883700C,
X «S50555555555550600/
DATA  KT/73/5IREF/1/79MPV /17
C
C INITIALIZE VARIAPRLES
C

NIt = NDOF¥NUNFE
[0 10 J=1,HND
ALCY) = 0.0
10 CONTINUE

C OGET DEFTH AND WIDTH OF THr EHEAM
CALL ACCEFR(2y IFNEFRy IFTAR, Oy BUt s LEN IERR)
IF(IERR.NE.O) GO TO 809
H = 2%RUF(9)
B = 2X%RUF (10)

GET MODULUS OF ELASTICITY

oco

CALL ACCMAT(2s IFNMATNMAT »MF 1 s RUF S LENy IERR)
IFCIERR.NE.Q) ' GO TO 808
E = BUF (%)

C

C GET Xr Yy AND Z OF ELEMENT NOLES
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CALL ACCELC(2sIFNELCyKINT s IRFF s RBUF s EN»IERR)
IF(IERR.NEL.OY GO 7O 807
M =1
DO 200 J=1+6+3
K = J+1
L = J42
X(HM) = RUF(J?
Y (M) BUF (K)
Z(M) RUF (1>
M = M+1
00 CONTINUE

CALCULATE ELEMEN! |LENGTH

OO0

nX
ny
Dz
EL

X(2)=-X(1)
Y(2)-Y(1)
Z(2)-Z(1)
DSART (DX¥DX+DY¥IIYHIIZ%DIZ)

XMF = 1,.D00/EL
Do 300 K=1,3
FSI = GFLW(K)
CALL EU3DSE(FSI SHEFyDIOSHFF s 2sEL)

CALCULATE ADJOINT LOAD

aon

ALGF(3) = - SHOFHIEXXMHI¥DDSHFF (5)
ALGF(9) = =, SDOXHXE¥XHF¥DDSHEF(Y)
IF(DX.EQ.O.AND.DZLEQR.O)Y GO TG 250
ALGF(4) = 0.0DI0
ALGF(3) = -, SVOXHXEXXMHXDDSHFF (S)
ALGF(10) = 0.0D0
ALGF(11) = - SDOXHYEXXME¥DLUSHFF (11)
GO TO 255
250 ALGF (4) =
ALGF(S) =
ALGF(10)
ALGF(11)

= SDOXHYEXXHEKNIVSHEF (YY)
0,00
-+ JNOKHXEAXAHXDISHFF (11)
0.000

> SUM ADJOINT LOAD OVER GAUSS FOINIS

59 [0 260 J=1sHD

AL ¢d) = AL (J)Y + ALGF (WD
0 CONTINUE
o CONTINUE

N = -1
DO 400 J=1sMUNFE
00 350 K=1,NDOF
IF(AL(K+J4N)Y JERQ. 0L, 0) GO TO 350
WRITE(11s864) TEXTHNCHY sKyAl (K4J4N)
250 CONTINUE
N = N+3
400 CONTINUE
C
c
GO TO 820
C
C WRITE ERROR MESSAGES 10 THE SCRFEM



802
807
808

809

FRINT
G0 TO
FRIMNT
GO 70
FRINT
GO TO
FRINT
GO TO

872,
820
878,
820
879,
820
876,
820

CONTINUE

FORMAT (1Xy "GF=/yI12s4Xy"W="yF11,
XE11,5s4Xy ‘AWXX="9E11.9)

FORMAT(2(IA4r2X)rE16.8)

FORMAT (1Xy “ACCCNDN
FORMAT(1Xs ‘ACCEFR
FORMAT (1X» ‘ACCEILC
FORMAT (1Xs “ACCHMAT

IERR
IERR
IERR

1ERR

FORMAT(EL12.5)

RETURN

END

S94Xy ‘WXX="9E11.594Xy ‘AH="

WITH ERROR
WITH ERKOR
WITH ERKROR
WITH ERROQR
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SUEROUTINE SKST11(ILUM»IE)
D
(C;: SRST11: CALCULATES THE ADJOINI LUAD HOK THY FLANE STRESS EI
(c::':*nunuuuu*nnu**uuxuuuuwuwxun.«ufntuu-x
:E: DESCRIFTION!

CFx

CFx ‘SRST11/ CAILCULATES THE ANDJOINT LOADS FOR A FDUR AND
CHx EIGHT NODE FLANE STRESS ELEMENY ANt THEN CREATES A
CFX RESTART FILE S0 THAT THE FINITE ELEMENT HODEL CAM RE
CFx RESTARTED SO THAT YHE RESULTING STRESSES AN STRAINS
CP¥ CAN BE THEN USED 10 CALCULATED THr SITRESS COHNSTRAINT
CFxX DESIGN SENSITIVITY.

Crx

(M2 20222 222030203 21222003220 003320003323 3803283380 80232 022200200902 ;
CFx

CFP¥  ILCN INTERNAL LOADN CASE NO. OF ORIGINAL LOAD

CFx IE EXTERNAL ELEMENT NO., CONSTRAINEN

CFx

I 2222002320233 300003003 2003033233023 0323223220888
c

INCLUME ‘LAEGSDR,INCI IMFLIC.SFC’

INCLUDE ‘CAEGSDR,IMCI ACCIFN.MON’

INCLUDE ‘CAEGSDIR.JNCI CNIL.MON”

INCLUDE ‘LAEGSDR.IMCI EIl EDES.NON‘

INCLUDE ‘LAEGSDR.INCI GVECTR,.MON’

C
DIMENSION SHFF(8)sGFPL(2,4) s SRUF (S50) s BUF (100)
X DSHFGX(8) s USHEGY (8) y BEHFL(2+s8) 1 X (B »Y(B) 1 Z(8)
X DG(3)rALGF (18) 1AL C16) sE(Ss3) s (D) s C(3)1B(Z9168)
X EMT(1)
C
DATA  GFL/2%-,57735027y 4577350279 -,5%7735027,
X 2% JS7735027y-.57735027y ,S57735027/
DATA  KT/3/+IREF/1/sMFT/1/2ITYVEZLY
c
Cxx INITIALIZE VARIAELES
C

NI' = MNUNFEXNLOF
DO 10 J=1sNi
10 ALCY) = O,
IFC(IE.GT.1) GO TO 1S
.
Cx¥ GET X ANL Y FOR JACORIAN EVALUATION
c
15 CALL ACCELC(2yIFNELCeRINT»IREF s HUJF yLFNEy 1ERR)
IFCIERR.NE.Q) GO TO 807
M =1
[0 20 L=1,LENE,3
J = L+1
K = L+2
X (M)
Y (M)
Z(H)
M = Ht1
20 CONTINUE
AREA = AREAQ(X,Y)
XMF = 1.D0/AREA

BUF (L)
RUF (J)
BUF (K

o

C




Cxx CALCULATE ADJOINTI LOAD
[
Cxkx LOOF OVER GAUSS FOINTS
c
IC =0
M =1
[0 80 KK=1sNSVAL
J M+1
L H+3

C

Cxxx GET DERIVATIVES OF STRESS FUHCTION G

C
Chkkx VON MISES! G=(SIGX¥K2H+S10YH¥2-SIOCKYSIGY+IKSIGXTH¥2) %X, 5
c
IF(IC.GT.0) GO TO 25
CALL ACCFES(2,IFNFESyRKINT» IREF » I CHy SRUF s ENy LERR?
IF(IERR.NE.O) GO TO 801
IF(IST.EQ.1) GO 70 30
UMS = (SBUF (M)XX24SRBUF (LD XX2-SRUF (M)XSEUF (J)1+32%
* SBUF (L) ¥X2) %% .0

2
(4]

DG(1) = S¥X(2XSRUF (MI-SBUF (J))/UHS
DG(2) = SX(2XSBUF (J)-SEUF (M) ) /UHS
G(3) = (3IXSEBUF(L))/UMS
GO TO 40

e

Cxkx FRINCIFAL STRESS

C

30 THAX = (. SKC(SEUF (M)=SBUF (1)) )Kk¥24+SRUF (L) X¥2)¥¥ .5
DG(1) = S5+.25%(SERUH (M)-SBUF (D)X (1/THAX)
DG(2) = +5-.20K(SRUF (MY-SRUF ()X (L/TMNX)
0G(3) = SRUF(L)¥(1./1HAX)

C

40 M = M+4
IC = IC+1

FSI = GFL(1sKK)
ETA = GFL(2,KK)
IFCISTYPJ.EQ.2) CAlLL EU20LQ(FSTyFTASK I SHFF» DSHFL

X DSHFGX s USHEGY s NET. e Xr Y IERR)
IFCISTYF.EQ.4) CALL EU2DPQCFST b 1AK Ty SHFF y ISHFL
X ISHFGXy DSHEGY » DET Uy X» Yy IERR)

IFC(IERR.MNEL.O0) GO TO 809
C
Cxxx GET ELASTICITY HMATRIX E
C
CALL EU2DSS(DsTHMFEMTyNMAT s ITYHAY » ITYFE)

N =1
o SO JJ=1,3
LL = N+3
LLL = MN42
ECSIrl) = I(N)
E(JJr2) = MLL)
E¢JJ93) = DCLLL)
N = N3
50 CONTINUE
W
Cxkx GET STRAIN-DISFLACEMENI MATRIX R
c
CALL ST 1(By DSHPGX» DSHEGY » NUNFE)
c

C¥xx CALCULATE [DGIXCEIXCRIXMF
™
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CALL UMXABC(DGIECs1+3+8)
CALL UNXAEBCCrE»ALGF 10015 3)
0 60 JJ=1:Nn
&0 ALGF(JJ) = ALGF (JJ)¥XHF

C
Cxx¥ SUM ADJOINT LOAD OVER GAUSS FOINTS (INTEGRATE VLR ELEH)
c

no 70 JJd=1sNu

79 AL(JJ) = ALCINHALGR(IIIXDETY
80 CONTINUE :
c
Cxx WRITE ADJOIMN! LUAD TO RESTART FILE
c
N = -1
DO 95 J=1sNHUNFE
IO 90 K=1, NLOF
WRITE(1152004) IJEXINNCI) 1Ky AL(K+J4N)
?0 CONTINUE
N = Nt

95 CONTINUE
c

GO 70 820
€ WRITE ERROR MESSAGES Y0 THE SCREEN
c
801 FRINT €871y IERR

GO TO 829
807 FRINT €78+ IERR

60 TO 820
309 FRINT 876+ IERR

GO TO 8290
C
C

220 CONTINUE

C

C

871 FORMAT(1Xs ‘ACCFES RETURNED WITH ERROR “+(4)

876 FORMAT (1X s “SHAFE FUNCTION ROUTINE RETURNED W1TH ERROR 7,
*14)

278 FORMAT (1Xy “ACCELC RETURNELD WITH ERROR ‘,14)

2001 FORMAT(A)

2004 FORMAT(IXsIAsIXeJ2r1XsEL1S.9)

e

c

RETURN

END



SUBROUIINE SRET16(ILCN»y IE)?
(M2 2222320223223 320 8230252323222 2808322t i es st sesdsy

CPX
CP¥ SRST16: CALCULATES THE ALJDINI LOADS FOR A TRI. BENDING kL
CFX

CRARRIOREROORR K X KRR KOO KO XK Y 10O OO KA X E XL KRR
CFX

CF% DESCRIFTION?

CFX

CFX ‘SRET16° CALCULATES THE ADJOINT LUANS FOR A TK1ANGULAR
CF¥ FLATE BENLING ELEMENT AND CREATES A RESTARYT FILF $0
Chx THAT THE FINITE ELFMENT MODEL. CAM Bk RFSTARTEDN. THE
CF¥ RESULTING STREGSES ANN STRAINS ARE THIH USED IM THe
CFX STRESS CONSTRAINT DESIGN SENSITIVITY CALCULATION IN
Chx ‘THE ‘ST1601‘ SUBROUfINk. STRESS TYrES 1=FRINCIFAL

CPX 2 = YDH MISES
CF¥

(M 2322202002280 3 8003323032 03233 3330203303083 33322332822838322%3
CFx .

CF% ILCN INFERNAL LOAD CASE NO. OF THE ORIGINAL 1| 0aAN
CFx 1E EXTERNAL CONSTRAINED ELEMENT NO.
CFx

CF R0k K ¥ 0O K0E KKK IO K 0K K KRR OKSOKIOIOR A R o Kk ey o ok Rk Kk
¢

INCLUDE ‘CAEGSIRJINCI IMrLIC.SFC’
INCLUDE ‘CAEGSDR.INCI ACCIFN.MON’
INCLUDE ‘CAEGSDRJINCI CNIL.HON'
INCLUDE ‘CAEGSDRJINCI E! EIES.HON’
INCLUDE ‘CAEGSDRJINCI SVECTR.MON'

€
DIMENSION X(35)sY(3)»Z(3)yBUF (S0) AL (18) s SEUF (L0) + NG (3) »
X COEII s XL (I s YL(I) 1 ZLA(3) s CCS) s (T s EMIC(27)sECSr8)
X TB(656)9SIG(393)ALMCIB)
c
c
DATA IREF/1/21ITYFE/L/
C
Do 10 J=1,18
AL(J)Y = 0,00
10 CONTIMUE
C
Cx¥x GET X» Y ANL 2
C
15 CALL ACCELC(2y)FMEI €2 KINI»IREF»BUF 2L ENRy JERR)
IF(IERR.NE.O) GO TO 207
M =1
00 20 L=1,LENB,3
J = L+1
K = L42
X(M) = BUF(L)
Y(M) = BUF(J)
Z(M) = BUF (K)
M = M+l
20 CONTINUE

-

L

Cxx GET LOCAL COORNIMNATE SYSTEM

C
CALL LCI1&(XyYrZo XL YL ZL o1 R)

c

Cx GET ELASTICITY MATRIX [ED

€
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CALL EUDSS(Ds1MPsEMTsNMAT» ITYMAT s ITYFE)
N=1
Do 25 JJ=1,3

EC(JJr1) = D(N)

EC(JIr2) = D(N+4L)
ECJIr3) = D(Nt2)
N = N+3

S5 CONTINUE

2
c
C GET THE THICKNESS OF THE FLATE

.
-

—

CALL ACCEFR(2yIFMEFR» JFTAR, Os BUF yLENs IERR)
IF(IERR.NE.O) GO TO 309
THK = BUF(23)
C
Cx¥ GET STRESSES AT THE MIUGIDE NODES OF TRIANGLE
c

Cc
Cxk CALCULATE THE ADJOINT LOADN WHeRE Q-CDGI¥CEIXCEI*My%xT/2
Cxkx AL(18) = (TAREA/3)X(QC0r Sy .5)+0C, 550, .5)4Q2(.59.5,50)

Cc
TAREA = EUTRIA(XyY)
[0 80 IT=1»3
¢
C¥¥¥ CALCULATE LDGI THE DERIVATIVE VECTOR
c
IF(IST.EQ.1) GO TO 350
C

Cxdk VON MISES! G=SQRT(SIECXX%X2+EIGYXX2-SIGXASTICY+IXSIGXY¥H¥2)
c
VHS = DSART(SIG(ITs»1)¥Xk24+SIGCIT ) RX2-GIC (LT 1) XSIGCIT2)+43%
* SIGCIT»3)%%x2)
DG(1) = ,SDOX(2.D0XSIG(IT,3)~SIGCIT»2))/VHS
0G(2) = . SDOX(2.DOXSIGCITs2)~-SIG(IT»1))/UMS
DG(3)Y = (S.DOXSIG(IT»3))/VHS

GO TO 40
>
C¥Xx FRINCIFAL STRESS
C
30 TMAX = DEORT (L ODOX(SIG(ITy»1)-SIGCITy2)))R¥24STIU(ITr4)%X2)

0G(1) = 5SRO+ 25DO¥ (SIGCIT 1) -SIBCYT,2) )/ IHAX
DG(2) = SDO-.25DOX(SIGCIT,1)-SIG(IT,2)).7I1MAX

. DG (3) SIG(IT3)/ HAX

E**t CALCULATE CCI = [DG) % [EJ

%0 CaLL UMXAR(UGYEsCr153,3?

E*#* CALCULATE [CAL] = (C] % CRY % T/2 ¥ xMpP

CALL ALLISCXL YL sCorAL M2 TR THRKY IT)
0 50 K=1,18
AL(R) = AL(K) 4+ (TAREA/3.0DO)IXALMIK)
S50 CONTINUE
30 CONTINUE
>
Cx¥ WRITE ADJOINT LOAD TO RESTART FILE
c
N = -1
o 925 J=1,NUNFPE



116

0 20 K=1yNLOF
IF (AL (K4 J4N) LFQ. 0, 0L0) GO TO 90
WRITE(1152004) 1EXTHNCJ) 9Ky AL (K+IHND)

90 CONTINUE
N = N+5

95 CONTINUE

c
GO TO 820

C WRITE ERROR MLSSAGES TO THE SCREEN

c

801 FRINT 871y IERR
GO 70 820

807 FRINT €78, IERR
GO TO 820

809 FRIN} 879y IERR
GO TO 820

C

c

820 CONTIHNUE
«
C

871 FORMAT(1X» “ACCFES RETURNLD WITH ERROR ‘:14)
878 FORMAT (1X» “ACCELC RETURMED WITH ERROR ‘¢ 14)
87¢9 FORMAT (1X» ‘ACCEFR RETURMEN WITH ERREOR “+14)
2001 FORMAT(A)

2002 FORMAT(1XsI4,2Xy ‘INISF= ‘+E18.9)

2004 FORMAT(1X,I451X,I291XrE16.9)

C

C

RETURN

END




(22233322242 0SR20 202300 b AR08 23S0t iz Ssasisslhd)

CPX
Pk SSMD16! CALCULATES STRESSES AT THE MIDSIDE MONES OF A TKI,
CF¥
CF4 RERORR0NR 1 X1 KOO0 0KKE KX KKK KO0 X KON KR K H AN E X
CF¥
CF¥ DESCRIFTION?
Ch¥
CF¥ ‘SSMD1&’ CALCULATES STRESSES AT THE MIDSIDE MODES UF
CFX TRIANGLE 1601, [SIG] = LEJXCBIXLDISIKT/2 1§ 1Hr
CHY FINITE ELFMENI FORMULA FOK CALCULATING THE STRESS.
CF¥ THE STRAIN-DISFLACEMEN! MATRIX [EJ] IS LOCATED IN
CF& COLUMNS 455, ANL & OF THE [W) MATRIX.LE] IS TH¥
LR ELASTICITY MATRIX, 3x3 FOR ISOTROFIC MATERIAI, ANN
CFX [DIS) IS THE DISFLACEMENY VECTORs WHERE THE DISFLS.
CPY ARE TAKEN AT THe NODES OF THE TRIANGLE. RECAUSE
CFX IFAD CALCULATES THE STRESS RESULTANIS, THe T/2 TERM
CFX MUST BE INCLULED IH THIS CALCULATION,
CFX
CERIEIENEXIRE AR DE KR EREE LIV KIK IR KK KRNI L HRAHKFHK
CFE
CE¥ X THE LOCAL ELFMENT X COORDINATE
CFé Y THE LOCAL ELEMEM)I Y LOORDINATE
CP¥  ILCN  THE INTERNAL | UAD CASE NUMBER FOR THE URIGINAL
CF¥ ORIGIMAL MODEL
CFk  SIG THE MIDSIDE NODE STRESSES - RETURNED VALUE
CFE
CFFEF R 0R 8 O0E L OO RO KX ORI KOO OO0 X OO0
c
INCLUDE ‘CAEGSDR.INCI IMFLIC,SFC’
INCLUDE ‘[AEGSDR,INCI ACCIFN.MON‘
INCLUDE LAEGSDR,INCI CMIL.HON’
INCLUDE ‘LAEGSDR,INCI ELEDES, MON‘
C
EQUIMALENCE (NUAT(14) 5 1FK)
¢
DIMENSION X(3)sY(3)sGFTS(3+3) sW(18¢7) s CFEUF (2) s CN(317) s
X DISCFYsI(P) yE(3y3) yEMT(27) s KUF (100) sER(3,9) s
x SIG(3r3)rXL (&) 9YLIG)
C
DATA GFTS/0.000:.500 .SD0»  (&D0s 0,000y S10
DATA ITYFE/1/
C
C#%x GET DISFLACEMENIS
C
DO 10 J=1sNUNFE
CALL ACCCMNIC2y IFNCNL S INTNNCJ) 510 JLEM s CFRIF 5 LEN TERR)
IF(IERR.ME.O) GO TQ 802
D0 10 K=1,LEN
COCJK) = CFBUF (K)
10 COMTINUE
M o=t
I 20 J=1,NUNFE
RIS(M) = CD(Jr3)
DIS(M+1) = CD(Jr4)
DIS(M+2) = CD(JrS)
M o= M3
20 CONTINUE
C
C¥¥  GET ELASTICITY MATRIX

SUEROUTINE SSMN14(Xy

Ye ILCN:S1G)
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CALL EU2DSS(D:THFEMTyNMAT» 11 YMATy ITYFE)

N =1

Do 30 JJ=1,3
E(JIs1) = DA
ECJLs2) = D(NEY)
ECJIr3Y = D(N+2)
N = N+3

30 CONTINUL
[ .
CHx GET MATERIAI THICKNFES
t
CALL ACCEFR(2s1FNLFRsIFTARy OsBUF rLENy IERR)
IF(JERR.NE.O) GO TO 809
THK = BUF(23)
.
C¥kx GET LOCAL X AND Y COORDIINATES
C
CALL MOVESF (XL, Xy3¥IFR)
CALL MOVESF(YLsYs3XIFR)
C
Cxx CALCULATE STRESSES AT THk MIDSIDE NODES
C
[0 100 INT=1,3
™
Cx¥% GET SHAFE FUNMCTION AT MIDSIDE NODE

c
CALL SFISOL(XL YL yGFTS(1rINI) »U»ER)
C
Cxex [SIG] = CEJIXIRIXCDISIXKT/2
G

00 SO H=1.9
DO 30 K=1+3
GASH = 0,000

0po 40 J=1:3
GASH = GASH + E(Ks D XW(My IH+3)
40 CONTINUE
ER(KsM) = CGASH
50 CONTINUE

o0 60 11 = 1,3
SIGC(INIy11) = 0,000
o 60 M2 = 1,7
SIG(INSIsI1) = SIGCINTsI1)HERCITIyHMD)IANIIS(N2)
60 CONTINUE
0o 70 12=1,3
SIGCINT»12) = SIGCINCM I2)XTHK/2,0D0

70 CONTINUE
100 CONTINUE
GO TO0 820

C
c
Cx% WRITE ERROR MESSAGES TO THe SCREFN
c
8

02 FRINT 872, IERR
GO TO 820

809 FRINT #7%, IERR
G0 T0 820

820 CONTINUE
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c
872
87¢9

e

FORMAT(1Xy» "ACCCNL RETURNt LI

FORMAT(1X» ‘ACCEFR RETURNED

RETURN
END

WITH ERROR
WITH ERROR

‘914)
‘rX4)
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SUBROUTINE SHMD1A6(XrYsILCNEFND
N 22 3 2322233203 ¢¢2082F 3233332332333 802ttt sd)
CFx

CF% SNMI16: CALCULATES STRAINS AT THE MIDSIDE NODES OF A RI,
CH¥

22132322 0332233233 233232222033 0323323 2200 R et i e ses b bt bt
CFx

CP¥ DESCRIFTION?

CFx

CFY ‘SNHMII16’ CALCULATES STRAINSES AT THr HIDSIDE NORES OF
CFx TRIANGLF 1601, THE FORMULAS FOR STRAIN Akk:

CFx

CFP¥ EX = J1/E%(SIGX-VXSIGY?

CF¥ EY = 1/EX(SIGY-V4E16GX)

CF¥ ExXy = SIGXY/G

CF¥

(M 323 2022202223822 8008220302200 3300002030000 08220202
CF¥
CFx x THE LOCAL ELEMFENI X COORPIMNAIE
CF¥ Y THE LOCAL EI EMENT Y CDORDINATE
CF¥ ILCN THE INTERNAL iLOAD CASE NUMBFR FOR THe ADJOINT
CFx% LOAT
2F¥ EFN THE MIDEIDE NODE STRAINS - RETURMEN VALUE
CFPx
(P23 2352083252022 ¢332 3022202303238 8233238338232 2020 302
C
INCLUDE ‘[CAEGSDFR.INC] IMPL1C.SFC”
INCLUDE “[AEGSDR.INCI ACCIFMN.MON
INCLUDE “L[AEGSDR.INCI CNTL.MON’
INCLUDE ‘LCAEGSDR.INC) ELERES,MON’

DIMENSION X(3)sY(3)yGF1S(3s3) s W (1897 sCFRUF (7)1 LD(397)y

X DISCEYrEMI(R7)»BUFC100) yEFN(3938) v SIG(3,38)
C

DATA MFT/1/
C
C¥x GET CONSTANTS
o

CALL ACCHMAT (2, IFNHATy NMAT s MH1 s RUF s LENs IERR)

IF(IERR.NE.O) GO TO 808

E = BUF(Y)
Vo= BUF(7)
G = E/Z(2.00% (1. 0104V))

C
C¥¥ GET STRESSES AT THE MIDSIDLE NODES
C
CaLl. SSHI1&6CXy (s ILCNy ST)
(
C¥x CALCULATE STRAINS AT THe MIDSIDE NODES
C
Do 100 IT=1.3
EFNCITy 1)
EFHCIT,2)
EFNCIT, 3)
100 CONTINUE

1/7E¥(SIG(IT»1)-VkSIGC1IT,2))
1/7EX(SYGCIT»2)-VXSIG(ITy1))
SIG(IT»3)/6

G0 10 820

-

(C
N
LXK WRITE ERFROR MESSAGES TO ITHE SCREEN
C




PRINI 878, I1ERRR
G0 10 220

CONTINUE

FORMAT (1Xy “ACCHAT RETURNED

RETURN

. END

WITH ERFROR

‘914)
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SUBROUFINE STRESOS(NIsIsLsFSIER)
MATIITAL SIS 0253330203302 33 33308333380 30232002000030 8 30028 2S

CFX

CEF¥ STRESOSS CALC. STRESS CONSTRAIME AND SENSIT. FOR A BEAM

CF¥

CEROROKFOKK KK KK MOK KKK KK KO KKOK SOKOE K AR KKK X ORI IO JOKIOK OO OK X KO ¥ ¥
CF¥

CP¥ DESCRIFTION?

CFX

CF¥ 'STRES0S’ CALCULATES THE STRESS COMSTRAINI aANn THE

CFx¥ DESIGN SENSITIVITY FOR THE 1-D BEAM ELFHENY TH

CFx BENINING., INCLULES TORSION.

CFx

NS RS2 2033 33+ 2223322052222 e230 0320232023330 0032220282 228
Chx

CFx¥ NT COUNTER FOR FIMNITE NIFFERENCE

CFx I EXTERMAL ELFHFNI NO. FOR ELEMENY BEING FROCESSED
CFx L LOAD CASES -~ EXIERNAL

CFx FEIRK STRESS CONSTRAINY —~ RETURMED val UL

CF¥

NS ET2332223333 33 ¢33 3328335303033 33 2322308223083 022822222
[

INCLUDE ‘CAEGEDLR.INCI IMrLIC.SHC’

INCLUDE ‘CAEGSDR.INCI ACCIFNJ.MON‘

INCLUDE ‘LCAEGSDR,INCI CNIFL.MON

INCLULE “CAEGSDR.INCI ELEVES.HON

INCLUDE "LAEGENR,INCI SULCTR.MOH’

COMMON/LCEDES/LCS(20)

EQUIVALENCE (MULAT(14),IF) s (NDAT(98) »ITIRL)

DIMENSIOM X(3)sY(3)2Z(3) s DOSHFF(12) y LATNC(SO) 1. (22) yBUF (1CO0)
S SHFF (12) sCFRUF (&) »GFPLW(I) s Al N2y &) yCO(256) yWIW(I) s
X FSIBE(S00) yCC(522)s0(692) eV (393) s TE(E96)sCOL(216)
X ALDL (29 6)yCOOR (3 3)

DATA GFLW/-.774596469241418300, 000
* $ 7745966469241418300/
pDATA WTW/ 5555558555555 05800, ,6888822888888888%00

* s OOT5595LENESNEN6N0/

DATA  KT/3/7+IREF/1/7WFT/ L/

DFSIRG = 0,000
DFSIHG = 0.0D0
FSIRR(I) = 0.0D0
IF(I1.G6T.1> GO 7O SO

GET AREA MOMENT OF INeRTIA ARUUT Y~AXIS

(AN R el

0 CALL ACCEFR(2yIFNEFRs IFTAR, Oy BUt sL.LENs IERR)
IF(IERR.NE.O) GO TO 09
YI = BUF(3D)
H = 2%BUF(9)
kB = 2¥RUF(10)
BHONT) H
BW(NT) B

C GET WEIGHT DENSITY ANN MODULUS UF EILLASTICITY

L]

CALL ACCMAT(2yIFNMATNMAT,ME T RUF » 1 ENY IERR)
IF(IERR.NE.O) GO TO 808
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GAaMHA = 0,000

E = 30500000.10
o=, 300
G = EZ(2,D0%x(1,00+W))
C
C  GET INTERNAL LOAD CASE MUMEBER FOR ORTGINAL LOAD
C
40 CALL ACCLCSC(1sIFNLCS,»IDHRL s15091ERR)

IFCIERR.NE,O) GO TO 805

CALL ACCLCS(2y1FMNI.USyL(1)92,01LCSy IERR)
IF(IERR.NE.O) GO TO BOY

IL1 = DLCS(21)

c GET DISFLACEHMENIS AT £ EMENT KNS

c
DO 70 J=1sNUNFE

CALL ACCONLCY LRFNCHD, INTNNCI) » 1 L1 CFRUF L ENY TERR)

IF(IERR.NE.Q) GO 10 802

DO 70 K=1,NLOF

CDCJyR) = CFBUF (K)

7 CONTINUE
C

C  BYFASS ADJOINT LOAD CALCLH ATION
IF(NT.GT.1) GO 7O 150
C
C GET INTERNAt LOAD UCASE NUSERER FDOR ADJOINT LOAD

CAl.L. ACCLCSC(1:3FNLES, IDEL »1505 IERR)
IFCIERR.NE.O) 6O TD 805

Catl ACCLES(2sIFNLCSsL(2)522DLCSy IERRD
IFCIERR.HEL.O) GO TO 8095

ILCN = DLCS(21)

C
C  BET DISFLACEMENTS AT ELEMENT ENNS FOR ADJOLNCT LOAD
>
CALL ACCCMNNIC1sIFPNCNL IDEL 1y ILCN2 Oy Oy IERR)
IFCIERRGNE.O) GO TO 802
N0 100 J=1ysNUNFE
CaLl ACCOMI(Zy XFMCNI INTNNCI) s 1 ILCNy CFRUF s LEMs IERR)
IF(IERRWMELO) €O TO 302
B0 100 Kh=1sNDOF
ALDCIIK)Y = CFRUF(K)
100 CONTINUE
L

XA 10K 3R KK FOKKRIOKOK K OOK KO R KOKOKF SO0 IOKE KRR KKK KRR KK kKK
C EVALUATE DISFLS, AN CURVATURE AT THE GAUSS FOIMNT USING
C SHAPE FUNCTIONS - ONE FT. FOR CUKV.» THREE FT. FOR LIYSFL
CHR N ARIONE KK AR RO KKK 0K KKK HOK OO KOR KKK 30K KK 40K K KOO EOR KK

C GET Xs Yy AND Z OF ELEMENT HODES

150 CALL ACCELC(22IFNELCyKINT s IREF»BUF L ENy TERR)
IFCIERR.NEL.OQ)Y GO TO 807
M =1
0o 200 J4=1+9+3
K = J+1
LL = J+2
RUF (J)
BUF (K)
BUF (LL.)

~
-
=
- -
Hun
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H = #M+1
200 CONTINUE
0o 210 J=1,3

COORC1,J) = X(J)

COOR(2sJ) = Y(.)

COOR(3»J) = 2(J)
10 CONTINUE

FORM THE ELEMENT LOCAL COORDINATE SYSTEM FOR DISFLACEMENIS

OO0

INZ = INTNN(3) )
CALlL. EURTM(IN3»BETAsCOORs Ty IERR)
CALL ZEROSF (1K 36XIF)
[0 220 J=1+3
00 220 K=1,3
TECJIK) = T(JrK)
TH(J+3:K43) = TE(JIK)
220 CONTINUE
CALL UMXART(1RsCLyCr69216)
CALL UMXART(TEsALDy D1 6s216)
00 230 J=1,2
DO 230 K=1s6
COL(JIK) = ((KyJ)
ALDIIL(J9K) = D(Ksd)
230 CONTINUE
c
C CALCULATE ELEMENT LENGTH
>

—

X
oy
nz
EL

X(2)-X(1)
Y(2)-Y(1)
2(2¥-2Z(1)
DSART (DXXDX+DTRDY+DZANZ)

LU I}

CHANGE LOCAL Y-ROTATION FRUM FOSIVIVE TO NEGATIVE IF
EEAM LIES ALONG THe X GLOERAL AXIS

oo

IF(DX.LT.0,001 . ANN.DIX.6T.-0,001) GO TO 24%
[0 240 J=1sNUNPFE
coL¢Jr4) =CDhL.(Jr4)
COLCJyS) =CDL.(Js3)
ALDL(Js3) = -ALDL (15 3)
240 CONTINUE
>
C CALCULATE THE TWISTING ANGLES
»
245 WXY = DARS((CDL(2,4)-CDL(1,4))/EL)
AWXY = DARS(C(ALDL(2+4)-ALDIL(154)) /L)

0w

C
C EVALUATE SHAFE FUNCTIUNS FOR NTSFL. - THREE FULINT QUANRATURE
c

B2 = EXE
B3 = BI¥ER
B4 = B2XRE2
H2 = HXH
H3 = H2xH

00 300 K=1,3
FSI = GFLW(K)
CALL EUSDSE(FS) ySHFFyPOSHFF»25£L)
W = (SHFF (3)¥CDL.(13)+SHHF (S)XCIL (i 9 5) +SHFF (9) %
L 3 COL(2»3)4SHFF (11)%CDL (9 5))
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AW = (SHFF(3)XALIN. (1 s 2)+SHRFF (S) %Al DL(1s5)4SHFF (9%

X ALDL (25 3)+SHEF (A1) X¥ALNL (25 5))
c
C EVALUATE SHAFE FUNCTIONS FOR CURV. - THREF FOINI QUADRATURE
(s
WXX = (DDOSHPF(3)¥CIL (1 3)+NIVSHFF (S)XCPL 1,50 +
X DOSHFF(2)XCDOL 2y X)$DNSHPF (1 1)XCOL (25, 5))
AWXX = (DDSHPF(3)¥ALDL (132 +NUSHPF (B)*ALDL(1:5) +
X DDSHFF (9 YKALDL (25 3) +DDSHEF CL1) XALDL (22 5))
c

€ CALCULATE SENSITIVITY VECTOKRS

XHMF = 1.DO/EL
IF(NT.T,1) GO TO 250
STERM = ,SHOXXMFXEXWXX
FJR = H3/3,00-,42110XEX (H2+R4/ (4. D10%H2))
FJH = BEXH2-,4200%B2% (H-B4/ (12, 110¥H3))
DFSIRG = IN'SIBGH (~GAMMAXHXAK-(EXHI/Z 12, D0) ¥AWXXKUWXX-
X FJBXGEUXYXAWXY ) RWTW(K) X(EL/2,10)
IF(I.NELICECNC))Y GO TO 247
DFSIHG = DFSIHGY (-GAMMAXEXAW- (X, LOXEXE¥H2/12,00) XAWXXKWXX

X ~STERM-FJHXGXWXYXAWXY )XW TW(K)X(EL/2.010)
GO 70 250
247 DFSTHG = DFSIHGH (-GAMMAXEAAW- (S VOKEXEKHD /32, DO) ¥AWXX
¥ KUXX~F IHKGHWXYXAWXY I XWIW (R X (EL/72,D0)
c
230 IF(I.NELICECHC))Y GO TO 300
C
C CALCULATE FSI(R) - INTEGRAL U STRESS FUNCTION FOR ELEMENT
c

STRESS = -, SDOYHXEXWXX¥XMF
PSIBER(I) = FOIBB(I) + STRESSXWTW(K)X(EL/2.)10)
CONTINUE
IF(NT.GT.1) GO TD 820
OFSIR(L) = DFSIRG
DFSIH(I) = DFPSIHG

)
o
<

GO TO 320
c
C  WRITE ERROR MESSAGES TO THR SCRFEN
C
8

02 FRINT 872, IERR
G0 TO 220

303 FRINT 875, IERR
GO 10 820

307 FRINT 878y IERR
GO 10 820

308 FRINT 879, IERR
GO T0 820

809 FRINT 276 lERR
GO 70 820

820  CONTINUE

850 FORMAT(1Xy “XX¥ADJOINT LOAN 18 AFFLIED AT El EMENT»14)

851 FORMAT( /91Xy “BEAH WIDTH B=‘,F2,5,2Xy ‘BEAM DEFTH=',F8.5,2X
Xr E=’yER 392Xy 1YY= 9ER 392Xy ‘CAMMA=yF6.5» “AFFLIEN FORCE
=‘3FB.5)

855 FORMAT (11X “NODE=‘y I252X» ‘X=/ o E12, G5 2%y 'Y= s E12.5,2Xy 7 /=’y



8460

364

372
87%
876
878
a729
1001
1004

C

¥E12,592Xy 'RX=/yE12.592Xs ‘RY="+E12,5,2Xs ‘RI=",£12.5)
FORMAT(1Xy "GF=7»I274Xy ‘W="sFE11.524Xy "WXX="9EL11.5s4Xy ‘Ali=",
XE11.504Xy “AUXX='3E11.00)

FORMAT (1Xs ‘NODE=" ¥y 2Xs ‘AX=/pE12:592Xy TAT=" s 12,5, 2X)

K AZ=7 sE12.552Xy ARX=79E12,.592Xy "ARY =/ E12,119 20Xy "ART=
¥E12.5)

FORMAT (1Xr “ACCCND RETURNET WITH ERROR
FORMAT (1Xy “ACLCLCS RETURNED' WITH ERROR ~
FORMAT (1Xr ACCEFR RETURNED WITH ERROR “r14)
FORMAT (1Xs “ACCELC RETURNED WITH ERROR
FORMAT (1Xy “ACUMAT RETURNEL WITH ERROKR ¢
FORMAT(EL2.5)

FORMAT(I4)

RETURN
END
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SUEROUTINE STRES11(NYsIsLsFSIET)
CF KRR K HOKKOKOK K 0K K0F0R k 3K0K KR K KKK XK KKK AOK K K ROR JOK XK ORI ¥ KOk KX X
CF¥
CFx STRES11: CALC. STRESS CUNSTRAIMI AL SENSIT. - FLANE STRESS
CRX
ML 223222222223 2202 0203000000t 2002200233800 3¢ 20320082

CFx

F¥ DESCRIFTION?

CF¥

CF#¥ ‘STRES11‘ CALCULATES THE STRESS CONSTRAIMI AHN THE

CPx DESIGN SENSITIVITY FOR A FOUR OR AND EIUHT NOLE FLANE
Crx STRESS EIEMENT WITH TRACTION, SELF WUTCHIT MOT INCLULED
CFx

(N 222283222002 300233300 000000 2383320033333 332230230303082222282
CPx

CFx N COUNTER FOR FINITE MIFFERENCE

CFx I EXTERMNAL ELEMENT NQ. BEING FRUCESSED

CFx L EXTERNAL LUAN CASE MNOS.

M S FSIRT . STRESS LONSTRAINT

CPx

M SRR 2302 2223228003000 23003200000 822333 0200023 3F33223228220282
c

INCLUDE ‘CAEGSDR,INC] IMFL1C.SPC”

INCLUDE ‘CAEGSDR,IMC] ACCTIFN.MON‘

INCLULE ‘LAEGSDR,INC] CNTL.MON-

INCLUDE ‘CAEGSDR, INC] ELEDES.MON’

INCLUDE “LAEGSDR.INC] SVECTR.MON-

COMMON/LCSDES/MLLS(90)
© .

EQUIVALENCE (NDAT(98)»IDEL)

DIMENSION X(8)+Y(B)1Z(8) SHFF(B)yGFL(2,y4)sL(2)sILCN(2),
DBATN(S0) s BUF (100) »FSIRT(S00) ySBUF (S0) s CFBUF (&)
BF(4948) 9 M1 (1) USHFGX(8) s EQRUF (50) s NEHHUEY (H) o
DSHFL(2:8) s SIGMA(S» 1) yEFSLN(694) yR(35i&) 1 SE(S00)

¢ M R

CHARACTER YESNOx1

DATA  GFL/2X-.57735027 S773T50279-40/73%027,
X 2K.57735007, -4, 57735027y .S7735027/
DATA  KT/3/2IREF/1/9KF) /3 /5 1TYFEZL/

c
SE(I) = 0,0
FSIBFE(L) = 0.0
IF(I.NE.1) GO 10 100
10 0o 50 JJ=1,2
C
C GET INTERNAL LOAD CASE NUMKER
™
120 CALLL ACCLCS(1y)FMI 5y L »1+0y IERR)
IF(IERR.NE.O) GO TO 805
CALL ACCLCS(QyIFPNLCS»L(JI)» 29 NLLSy 1ERR)
IFCIERR.NE.O) D TO 805
ILCN(JJ)Y = DLCSC(21)
] CONTINUE
[
G SETUF FOINTER FOR STRESS-STRAIN RBUFFER
c
100 00 165 JJ=1,2

CALL ACCFES(1IFNFESyIDBLyLs ILCMHCII) 2Oy (9 JTERR)

DG 3y ALGF (16) 2 AL C18) yE(I» )y (D) s (L) s FSIBFPE(S00)
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IF (IERR.NK.0) GO TO 801

C GET ELEMENY STRESSES ANU STRAINS

c
CALL ACCFES(2, IFNFES»KINT» IREF» ILCNCJJ) » SBUF s LENs 1ERK)
IFC(IERR.NE.O)  GOTO #01
M= 1
IF (JJ,EQ.2) GO TO 140
[0 130 K=1rNSVAL

J o= Mi1

LL = M43

SIGHACLIK) = SBUF (H)
SIGHA(2,K) = SHUF (1)
SIGHA(3sK) = SEUF(LL)
Moo= M4

120 CONTINUE
GO TO 160

140 M= 17
D0 150 K=1,NSVAL

J o= Mt1

LL = M+3

EFSLN(1,K) = SEUF (M)
EFSLN(2,K) = SEUF (.))
EFSLN(3,K) = SBUF(LL)
M o= Hi4

150 CONTINUE

160 IF (JJ.EQ.2) GO TO 170
IF(NT.GT.1) GO TO 170

165 CONTIMUE

£

¢ GET X AND Y FOR JACORIAN EVAILUATION

c

170 CALL ACCELC(2,IFNELCsKINT  1REF » BUF o LENRy IFRR)
IF(IERR.ME.0) GO TO 807
Mo=1
D0 200 J=1,LENH,3

K = J41
LL = J42
X(M) = BUF(J)
Y(H) = BUF(K)
Z(M) = BUF(LL)
M o= M+l

200 CONTINUE

AREA = AREAQ(X»T)
XMF = 1,00/ AREA
[
€ CALCULATE FORCES AT THE GAUSS FUOINIS

C
00 25¢ J=1,yMUOF
0D 250 K=1,HNSVAl
BF(KsJd) = 0.0

250 CONTINUE

C

C LOOF OVER THE GAUSS FOINTS
G

o0 200 K=1sNSual
FSI = CFLC1,K)
ETn = LFL{2,K)

EVALUATE SHAFE FUNCTIONS AT THE GAUSS FOLINIS

OO0




IFCISTYF.EQ.2) CAlL EUZOLACFSISETAINI » SHEF y NSHEL.

X DSHFGX s DSHFGY yDNET He X2 Y9 LERK)
IFCISTYP.EQ.4) CALL EURDFQCPFSIsETAPK Ty SHEF o JISHEL »
¥ DSHFGX s USHFGY s DETJ e X9 Yy JFRK)
IFCIERR.HE.0) GUTO &09
300 CONTINUE
WRITE(10,805
DO 320 K=1»NSVAL
320 WRITE(10,8354) Ky (SIGHA(JI:K)»J=1yNBIG)

IF(NT.GT«1) GO TO 34%

WRITE(10,860)

ho 320 K=1rNSVAL
3390 WRITE(10,854) Ky (EFSLN(JsK)r.t=1,NSIG?

DO 340 J=1,NSIG

[0 340 K=1,NSVAL
SE(I> = SF(I) + SIGMACJIKIXEFSLNCIsKIXMEL ]

340 CONTINUE
.
€ CALCULATE SENSITIVITY VECTOR

C
DFSIT(I) = =~ SE(I)
C
245 IF(I.NE.ICEC(NC)) GO TO 820
C
Cx CALCULATE FSI(E) - INTEGRAL. OF STRESS FUNCTION G FUOR ELFMENT
c
IF(IST.EQ.1) GO TO 3&0
DO 350 K=1»NSVAL
UME = (SIGMA(1, I X¥24SIGHMA(2,yK)KK2-SIGMA(T KD %
% SIGHMA (s RI+3KSIGHACI K) XKD XK, S
350 FSIBFE(I) = FSIBFECI) + VHSHLIETJ
GO TO 2g0
340 D0 370 K=1,NSVAL
THMAX = (0, SH(SIGHMACTIIR) =SLIGMA (KD ) IXX2HSIGHACI I KNI X 402)
% - ¥X.5
370 FSIBFPE(I) = PFSIBFECIMH (. SX(SICHMACLKI4SIGMAC,K) I +THMAX)
X ¥DETJ
380 FSIBT(I) = FSIRFECLYXXNMF
C
C
G0 TO 820
C WRITE ERROR MLSSAGES TO THE SCREFN
C

800 FRINT 870, IERR
GO TO 820
1301 FRINT 871: IERR
G0 TO 820
305 FRIMU 875, IERR
GO TO 820
307 FRINT 878, IERR
GO 1O 820 '
809 FRINT 876y IERR
GO TO 820

@£

820 CONTINUE

950 FORHAT (1Xy “3¥ANJOINY LOADR IS AFFLIED A1 RLEMENI514)
851 FORMAT(1Xy “(YFE OF STRESS IS ‘sA4)
851 FORMAT (1X2 122X 3(EL16.852X))
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875
876
g7e
1004
2001
C

FORMAT(1Xs " GF ¢ SXy ‘SIGMAX(GF) 7 1 8BX s “SIGHMAY (GF) 7 78Xy

¥ 'SIGHAXY (GF) )

FORMAT(1Xs " GF “ y SXr ‘EFSLNX(GF )’ s 8Xs "EFSLNY(GF) * 78Xy

X EFSLNXY(GF) ‘)
FORMAT (1X, “ACCELM RFTURNED
FORMAT(1Xy “ACCFES RETURNEL
FORMAT(1X, "ACCLCS RETURNETN
FORMAT (1Xy "EUZNFE RF FURNETS
FORMAT(1Xs “ACCELC RETURNED
FORMAT (14) '
FORMAT (A4)

RETURN
END

WITH ERROR
WITH ERROFR
WITH ERROR
WITH ERROK
WITH ERROR
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SUBROUTINE ST1&801(NTsIsLsFSIRTR)
(MRS SRS 2 2220030230402 ¢23332303 2303383028220 232822222 8X8 8
E;: ST1401: DESIGN SENSITIVITY VECTOR FOR A RENDING FLAWE
g;:****t****t***#X*****#*t#*****X**X*#***#*******#*#t*#t*t*ttt
E?: DESCRIFTION: '

CF¥

1IF¥ . ’ST1601/ COMFUTES THE DESIGH SENSITIVITY VLCTOR +HOR
CF¥ A TRIANGULAR REMNING FLATE ELEMENI.

CPx '

CF XA XRIO0KKIOKOKIOKAOF KK KKK AOK A K08 KKK 30K OK KK 3 50OI0K K AOKKOKKOKK R K ¥  4k KR KKK
CF¥

CF¥ NT COUNVER FOR FINITE DIFFERENCE

CFx I EXTERNAL ELEMENT ND, RFING FROCESSED

CF¥ L EXTERMNAL LOAD CASE NOS.

Crx FSIRBTRE GSTRESS CONSTRAINY FUR BLNRING FLATE

CFx

02 F 30K KOKKOKOK AR JCKR KO 0K KOK 30k A0080K0K 30K KOKOK KKK K K 3K K KOK 30K K KKK F KR KKK Ok ok Xk X
INCLUDE ‘LAEGSDR.INC] IMHLIC.SFC”
INCLUDE ‘CAEGSDR,LIRCI ACCIFNJMONY
INCLUDE "CAEGSDRJ.INCI CNTL.MON‘
INCLURE ‘CAEGSDR.INC) ELFDES.MON‘
INCLUDE ‘CAEGSUR.INCY SVECTR.MON
COMMON/LCSDES/VLCS(90)

C
EQUIVALENCE (NINAT(92),sIDEL)
o
DIMENSION X(3)sY(3)5Z(3)sSIC(3»A) s lEFNCEy3) s L(2) sy ILCNC(2)
X SE(S00) sRUF (100) »y FEIRIR(S00) y SRUF (S0) s FSIEHFE(SV0)
c
DATA KT/3/ 9 AREF/1/51i0t /172 ITYFPEZL/
C
C

SE(I) = 0.0010
FSIBTER(I) = 0,010
FSIBRFE(I) = (0.0D0
C
20 Do S0 JJu=1,2

[

o GET INTERNAL LOAD CASE NUMERER

L
CALL ACCLCS(1YFPNLCS,IDEBLY 120 IERR)
IF(IERR.NE,O) G0 TO 805
CALL ACCLCS(2yIFNLLSLC(JS)»2,DLCSy IERR)
IFCIERRL.NE Q)Y GO TO 805
ILENC(JY) = DLES(21)

c

C GET FPROFERTIES

C

CALL ACCEFR(2s1FNEFRYIFTARyO»RUF yLEM s IFRR)
IF (JIERR.NE.O) GO TO &9
FR(NT)Y=BUF (25)
IF(NT,6T.1) GO TO 100
50 CONTINUE
C
C GET X AND Y FOR JACOEBIAN EVALUATION
C
100 CALL ACCELC(2y IFNELCyRINI IREF»BUF sLENEy IERR)
IFCIERR.NE.O) GO 10O 807



onNs

C

M =1

00 110 J=1,LENB,3
K = Jt1
LL = J42
X(H) = RUF(J)
Y(H) = BUF(K)
Z(M) = RUF(LL)
M = M+l

CONTINUE

GET STRESSES FROM ORIGINAL LOAN CASE

CALL SSMIM&(XyYILCN(1)81IG)
IF(NT.GT.1) (O Y0 120

GET STRAINS FROM ADJOINT LOAD
CaALL SNHMD1&(X»YsILCN(2)sEFN)

AREA = EUTRIA(X»yY)
XMF = 1.,D0/AREA

ETART INTEGRATION LUOF
D0 400 IT=1,3

YHMS = DSORT(SIG(ITy1)¥¥24STIGCITy ) ¥¥2-SIGCIT,12¥SIGCITr2)
X +IXSIGCIT ) X¥2)

THAX = DSQRT((.SRK(SIG(LT 1) =SIGCIT2)) ) XK248LC (I, 3I¥¥2)

IF(NT.GT.1) GO TO 245

IF (I.MEJICECNC)) GO TO 320

IF (IST.EQ.1) GO TO 300

IF (IST.GT.2) GO TO 320

CALLULATE VON MISES STRESS SENSITIVITY TERM

SEC(I)=SE(I)+(AREA/ 3. DO ¥VHSEKXHF/HE(HI)
GO T0 320

CALCULATE FRINCIFAL STRESS SENSINIVITY TERM

SE(I)=SEC(I)4+(AREA/3 DO ¥ . SNOX(STG(1»1)4SIGUIT 2042
% KTHAX) IXXMP/FR(NT)

CALCULATE THE SENSITIVITY VLCTOUR
00 340 J=1,3
SE(IY = SE(I) - (AREA/J.DOYXSIGCITs JIXEFMCE D)
CONTINUE
DFSITR(I) = SE(I)

IFC(I.NEJLICE(NC)) GO TO 400

C¥ CALCULATE FSI(ER) - INTEGRAL OF $TRESS FUNCTION G FOR ELEREMT

>

360

400

IF(IST.EQ.1) GO 10 560
FSIBTR(I) = FSIRIK(I) + (AREA/3.D0) ¥UHSKXHI

GO TO 400

FSIEBTR(I) = FSIBTEC(I)4(AREA/Z. 0K O¥(SIGCITr124SIG(IT»2))
X +THAX ) X b
CONTINUE
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C  WRITE ERROR MESSAGFES 10

8476

1004
2001

GO 70 820

FRINT 870, IERR
GO TO 820
FRINT 871y IERR
GO TO 820
FRINT 873, IERK
GO 70 820
FRINT 878, IERR
GO TO 820
FRINT 876, IERR
Gy TO 820

CONTINUE

FORMAT (1Xy " ¥XXADJOINI LOAD

FORMAT (1%y *GF / y SXr "STGMAX (GF) 7 v BX» ‘STGHAY (GF) 7 18Xy

¥ SIGMAXY(GF) ‘)

FORMAT(1Xy "GP 2 UXy "EFSLNX(GF) 7 yBXy "EFSLNY (CF) 7 28Xy

¥ EFSLNXY (GF) )
FORMAT (1X» "ELEMENI “514)
FORMAT (1 Xy “ACCEI.M RETURNID
FORMAT(1X: "ACCFES RETURNED
FORMAT(1Xy “ACCLCS RETURNED
FORMAT (1Xs “ACCEFR KETURNED
FORMAT (1Xy "ACCELC RETURNELDL
FORMAT(I4)

FURMAT (A4)

RETURN
END

THE SCREEN

I8 AFFLIED
FORMAT (1Xy “XXXTYFE OFF STRESS IS
FORMAT (1X» 122X 5 35(L16.8,2X))

WITH
WlTH
WITH
WITH
WITH

‘2A4)

ERROR
ERROR
ERROR
ERROR
ERROR

AT ELEMENT v 14)

‘v 14)
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c
C ELEMENT ATTRIRUFES COMMOM
¢

COMMON/ELEDES/IENCS0Y s INFNNCS2) 9 TEXTNNCI2) s 1DLTV(4) » IAF (Z2)
EQUIVALENCE (IEDC(1),ITYF) s (IEDC2)238TYF) o (IEDCI) s NUNKE)
(IEDCA) s NROF) y CIEDCS) o MAXLOIF) » (IEDC(S) sHNUKLL Yy
CIEDC7 ) 9 TL UMD y C(IED(8)IACTVY
(IEDC(S) s MRET) r (IEDCIG)sREXT)Y
(IEDC11) yKIND) » (TEDCI2YsbtieXxt) » (TEDCI3) KL ANy
(IEDC14),IESH) r (JEDCIS) sHINTY » (IEDCIS)» IRCOFT)
(IED(17),150F) y (IEDC1I8) s IHMOUNDY » (IFDCL1R)YMNOC)
(IEDC20) s IMATF)Y s (JED(21),IMATC) » (L1EDC2D)yHMREL)
CIED(23) s HUMKEL ) v (IED(28)MMAYY » (IED(27) s 1FTAR) .
(IEDC(28)s1SFTAR) » (IED(29)BETA)
(IEDC(31)yNSVAL.)Y  » (IED(32)NSIG) » (IFDCA3) K EIG )

I I I I X I I I ¥

COMMON/SVECTR/UFSITCN00) s BIFSTIR(S00) s DIFSIH(E00) yDFSITR(S00) »
X THC2) s BUW(2) s BH(2) sFPR(2) » ICT s ISAC LCSy N1.CH NC»
X IST,ICE(200)

Q*** CURRENT IFNI POINTER SIORAGE FOR ACCESS ROUTIMNK CALIS

COMMON/ACCIFM/IFNELM(2) y IFNNOD(2Y s IFMNEC(2) » IFNERM(D) s IFNELMM(2)
IFNEDK(2) s IFNELC(2) s IFNENE (235 JPNERER r IPNHAT ’
IFNNCF () s IPNAFL (X)) p IFPMEENCZ2) 9 LPHAND (L ) 9 IFNEFR(2)
IFNNSF(2) s IFNBME (2) y JFHFESC(2) y IFINLCS(2) y [FNETK ’
IFNRES rIFNASD y IFNCLF (23 IFNEFR r IFNEPR ’
IFPNLHI(2) s IFNELK yIFNCNUC2) y TFNHNDF (2) 2 IFNSGM(2)
IFNNRE r IFNTEH y YENISS(2) s IFNSTH

W WK F e

C
C¥xkx GLOEAL CONTROL FARAMETERS

c
COMMON /CNIL/ NETY(200) sHUATC(I00)Y yNLINE +NUIDA NWIDL s MAUXY

X IHEADR (1523 y IAUX(32:0)




